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� �8AB0q±(� �!>z"%� �3� ±(+26I�I��� � '2����"��Y+3$s��+�"��A£Q"�£���6��&"L±(+`£A¥O£���6��&"���£�9(9U¬
¥s.q�G'203�%'���$ �G��~u"�.q±($y>)�) �0q¤ �8+�"/±($�"%��>H�!$% &� ± �-� "%.q�G" �8 r.3+q±( 1£�9H>H�8$ ±*6�+p��~�'\£Y$�$ ±*@&�

£�+4>Y£� #" ±(@��� &��¤�'��Y+q�8+�"r$���~U"%.q�h�`���1�¦¡L�1£�¤�¬��O±(6Y02� ��®�¬¯®Q6&±*@&�8$�£3¤��Y� �z>H��"�£�±(9 �!>
@{± �8qe�Y~j"�.q�[�I��� �¢¡L�1£�¤s�&+3 &9*�B$503� �!$ ¬
¥s.q±:$o� �&'��Y�%"�~l�Y9(9(�7q�$�"%.\�-k �Y���A¡U� �1£��)>)�7q\+�/B"��%04 #"%03� �Aªlkn¡\/q°�µBq¨±*"%.e£G� �&~ �&� �&+3  �

£7"j"%.q�U.q�+£Y> �Y~q�1£Y r.� r.\£�')" �&�O£�+3>��+£Y r.G� �&9¯�&@�£Y+�"u$��! #" ±*��+J¬S¥O£ �29¯��®&¬ ®o6�±(@��8$�"%.q�U.q±(6Y.q�!$="
9¯�&@��89�kn¡\/�~l���s"%.q�[�I���1�¢¡=�+£�¤�¬

����� ���������! #"%$&�!'( )�+*-,."�*/�10
¥s.q�3�Y��� �%�O±32H�!>�¥S£Y�%6&��"4�\£Y  ±*9¯±*" ³ .9£Y$ �9�1�&+L'29y£Y  �8>M±(+	£J6Y� � �8+)<659�&9:> $�±*" �]"%�w£Y #<
 ��&¤ ¤Q�)>q£�" �{6��%�7qs"�. q¨±*"%.\±*+ "�.q�}9(�7qs<U�8+q�&��6�³7� 	y� � '2�%��6Y��£�¤�¬v¥s.\�{~D£Y  ±*9¯± " ³ q¨±(9*9
"%��£�+4$5'��Y�%" �-�1£�¤ ~l����¤ "�.q�`¡��1�B$=" �&�Q"%�M£ +q�&q £�� �1£ >H�8>q±( 1£7" �!>L"��i�/21" �8�%+\£Y9 �9�+£�¤
'2.{³)$�±: &$1µ{£�+3>e²`±*+\±¯¡U�1� 	y� q¨±*9(9 �9�y"%.\�853�r$5"L�-21'-�&� ±¯¤A�8+B"o"%.9£7"sq¨±*9(9 �9��  £Y�%� ± �!>��Y0)"z±(+
"%.\±($[£Y� �+£q¬ ¥s.q�h¡U�1��$5" �&��'2� ±¯¤ £Y� ³ �9�+£�¤ q¨±(9*9 �9�I�-2B"�� £� #" �8>J~l�%�&¤c"%.q�h²}� <�� �-�1£�¤Q<
9¯±*+q��+q�1£Y��²}� < ®+I±*+B"���"%.\�b�e���1� �-�1£�¤�9 ±(+q��¬ ¥s.q�A�e��� � �9�+£�¤�9¯±*+q�Qq¨±(9*9j"%��£�+3$%'��Y�%"
"%.\� �9�+£�¤ 02+3>H�8� ²x£�±(+ �?+7� �8 �"%��� ©\�&£�>7µ�"��x£p'4�&±*+B"Gq\.q�8� ��"�.q� �-�1£�¤   £Y+ �9��$%'29¯± "
"%�p$ �&��@�±: |��$ �&@��8� £Y9S�-2)'9�8� ±¯¤ �&+B"�$1¬b¥s.q��'���$ ± " ±*��+J�Y~o"%.\��$ ±*" ��qL£�$� r.2��$ �&+ �-�8 1£�03$ � ± "
±:$�£�6�� �1�&+)<95\�89(>7µ4q¨± "�.}~ �8q q=�&"%9y£�+3>`£Y� �+£Y$1µ9£�+4>x£�@Y�&±(>2$�£��r r.q�&��9*��6�±:  £�9�$ ±*" �8$1µ-³���" .\£Y$
�&+3�Y026�.L$5'\£� |�z~l���G~l0)"�02� �]>H�&" �8 �"%����$1¬J�u��$�$ ± �29¯��~l0)"�02� �e�/2)'-�&� ± ¤ �&+B"r$[±(+3 �9(03>H�e¤�02��+ ��1��9 ±(+26{$="�03>H±¯�8$ � �8AB0q±(� �8> ~l�Y��" �8 r.2+q±:  £Y9o>H�8@��&9(�Y'\¤A�8+B"G��~U"%.q�:�O±(��$5" ²{02��+ ���Y9(9 ±:>H�&�; ®=<U¬
�?+ £Y & &�Y�r>q£�+4 |��q¨±*"%. "%.\�`�/2)'9�! #"�£7" ±(�Y+4$���~�¡L�+£�¤z$ §�±(@{±($ ±*��+	¤I£Y+\£�6&� ¤ �&+B"1µo"%.q�

�k���1�>�\£� |±(9 ±*" ³ ±($]>H�8$ ±*6�+q�8> "�� �-�  ��&¤�'\£7" ± �29¯�}q¨±*"%. "�.q���-2H±($5" ±(+26k¡U�1��$5" �8�1µ¨£�+4>
  £Y+3£� & &��¤ ¤��1>\£7" � ~l0)"�02� �G02'26�� £�>H�8$¨£�$%$%�) |±y£7" �!>�q¨±*"%.p9(�Y+26Y<�" �&� ¤ '29y£�+3$\~l�Y�C¡U�1��$5" �&�
±¯¤Q'3�%�7@&� ¤ �&+B"�$1¬�¥s.q�l¤���$5"�9¯±*�&�&9¯³�±¯¤�'2�%�7@&� ¤ �&+B"[±:$b£i®!����� � ¡��1�B$=" �&� £�$%$%�) |±y£7" �!>
q¨±*"%.z"�.q�C¤�03�Y+� ���9*9¯±:>H�&�+¬j�?+�� �8 #" ±*��+z"%�G"%.q�/¤ £�±*+I±(+7� �! #"%����ª)²{��°�q¨±(9(93�) & &02�=£�"=²{� <�®1qµ
"%.\�&� ��~l�Y� � £Y+�³M+q�8qa~D£Y |±(9¯± " ³�¤�04$="�>H�&9¯±*@&�&� �9�+£�¤ "%��"%.q±:$-'���±(+B"1¬�¥�02+3+q�&9:$-.9£�@�� �-� �8+

�I��� �¢¡L�1£�¤¦¥¨§�©}ªU«H¬ q¬¯®+° ® ²�£@³x® ´9µ\«��\®



®�¬¯®�¬ �=©�,����s�L¥n§y�U/3�L©\�=�=¥s�%, 	

PRO
JE

CT 
NO

RTH
 

0                   50  ft.

�S±(6Y03� � ®�¬¯®���/) r.\� ¤I£7" ±( 9y£@³Y�Y02"U�Y~j"�.q�[�I��� � �-�1£�¤�¬

�I��� �¢¡L�1£�¤¦¥¨§�©}ªU«H¬ q¬¯®+° « ²�£@³x® ´9µ\«��\®



®�¬�«H¬ ,�¥\�y�"© /��y�o�U,�©$¥s� 	��¢²}�X¥\�=©\�=� �H/

¥O£ �29¯�b®&¬ ® � �~�&@&�&9�;�kn¡\/�~l���s'2�%�Y� �8 �"�$L£Y$�$5�) |±y£7" �8>zq¨±*"%.3²`±(+q±¯¡U�1� 	y�	�A��� � ¡L�1£�¤�<
9¯±*+q�

kn¡s/ 	�£�¤A�
®�¬ �h��� �¢¡L�1£�¤�9 ±(+q�
®�¬¯®�¬ �h��� �¢¡L�1£�¤�9 ±(+q��¥~�! r.2+q±:  £Y9?ªX���=�L°
®�¬¯®�¬¯® ²x£�6�+q��"r$
®�¬¯®�¬�« §�±('��Y9¯�G�u�7q=�8�\/)02'2'29¯± �!$
®�¬¯®�¬ ; �y0\£Y>2�%02'��Y9¯� �u�7q=�8�s/)02'2'29¯± �!$
®�¬¯®�¬ ´ ���Y��� �! #" ±*��+]��9¯� ¤ �8+�"r$�/102'2'39 ±¯�8$
®�¬¯®�¬xm � ±( r�&�&�\�u�7qL�&�\/102'2'29¯³
®�¬¯®�¬ � �L£ �29¯�8$
®�¬¯®�¬�w �?£Y &020q¤ /H³1$5" �1¤z$
®�¬¯®�¬ � kw£�" �8�y/{³)$=" � ¤z$
®�¬¯®�¬ | �?+3$5"%��0q¤ �&+B" £�" ±(�Y+
®�¬¯®�¬¯®1 ���Y+B"%���Y9:$
®�¬¯®�¬¯®�® /H£7~ �&" ³M/{³)$5" �1¤
®�¬¯®�¬¯®+« ��9¯±*6�+q¤ �&+B"
®�¬�« �h��� �¢¡L�1£�¤�9 ±(+q���=±*@{±(9?ªX�-�=�=°

¤I£Y>H�M$50��z  ± �8+B"%9¯³ 9y£���6���"��J02'36Y��£Y>H� �-�1£�¤�9 ±(+q�3�&9¯� ¤ �&+B"�$G~l�Y�Q.q±(6Y.q�8� �&+\�&��6�±¯�8$1¬�¥��
� �1£Y r.].q±(6Y.q�8�¨±*+B" �8+3$ ± " ± �!$ µ3$%.q±¯�&9:>H±(+26z  £�+ �-�[£Y>2>H�!>7¬

����� � "	� �!��
� , , ���("�*-0���� � "(�8�+*����/'
¥s.q±:$�>)�) �0\¤A�8+B"\~l�1 &03$ �8$z�&+B" ±*� �&9¯³���+ �-�1£�¤�9 ±(+q���&9¯� ¤ �8+�"r$ ¬s,-"%.q�8��$502'3'4���5" ±*+26 ¤I£7" ��<
� ±¯£Y9($�~l�Y�s"�.q�[�h��� �¢¡L�+£�¤¦£Y� � �

����������� �"!$#&%��"!(')�+*,�)-/.��0!21�3�-�454�671/3�-�4(428:9;*<-7*=�/���">@?A'0-CB/����DE�)-FB ; « <)q\.q±: r.'39¯£� |�8${"%.q�k²x±*+q±y¡U�1� 	-� '2����"��Y+a� �8AB0q±(� �1¤A�8+B"�$pq¨±*"%.q±(+a"%.q�  ��Y+B" �/21"{��~�"%.q�� 	y� � '2���Y6�� £�¤�¬
�HGCIJ�K?L-JM�*<!(�0-7NO�"-J�P'0Q�R@�S�"���T��NU��-7�WV,?XRZY ; ; <4q\.q±( r.�>q�8$� �� ± �-�8$u"�.q�C�8+B@{±(�%��+q¤ �&+)<"�£�9O± ¤�'\£� #" ��~?�e���1� �-�1£�¤ �Y'-�&��£7" ±*��+3$1¬\�?+{"%.q±:$ >)�) �0q¤ �&+B"+µ�'3�%�Y� �8 #"�£�� �1£Y$ ®
£Y+3>�«�ª "%.\�b�e���1�c¡L�1£�¤ £�+3>M"�.q�A¡U�1� 	y� 	C�80)"%� ±(+2�l¡L�1£�¤I°�£�� �� ���+3$ ±(>H�8� �!>
"��Y6&��"%.\�&�+µ402+4>H�&�y"%.q��" ±*"%9¯��µ\[ ¥s.q� �3��� � �S± 2H�8>x¥O£���6��&"��\£� |±(9 ±*" ³�µ ] �-�8 1£�03$ ���Y~
"�.q� ±(��6&�&�Y6�� £Y'2.q±: �'2��� 2H± ¤ ±*" ³l£�+4>l±(+B" �&�%< � �89¯£�" �8>l�&+1@{±*���Y+\¤A�8+B" £�9;±:$%$%0q�!$ ¬

�HGCIJ�_^	�)-F`S�P%F�a3J'0Qcbd���S*feE-_1�� %J�0!��dVS^gb�1LY ; ´ <�q\.q±: r. >H�8$� �� ± �9�!$�"%.q�] |±(@�±(9� &�Y+)<$5"%��03 �" ±(�Y+p��~j"%.q� �-�1£�¤ "%03+2+q�&9:$1¬
�HGCIJ�KhL!(�"Qi*<Nj*<-C'0!�DlkC'm.��"�aD@R@�S�"���S��NU��-7�Fbd�n`"3�NO�"-J�WV,hWk�R/b\Y ; m <4q\.q±( r.z &�Y+B" £�±*+3$.9£	�1£Y��>3£�+9£�9¯³1$ �8$�~l���s"%.q�[�I��� �¢¡L�+£�¤�¬

�I��� �¢¡L�1£�¤¦¥¨§�©}ªU«H¬ q¬¯®+° ; ²�£@³x® ´9µ\«��\®



®&¬ ;\¬ �o����/1�%�s/B< §�©\� �y� 	¢¡s�o��² § ��/1��� 	 ©��s�@��� ©��=²}� 	/¥�/

�HGCIJ�OhZ!(���"�S`"��9 ')-F'"e �"NO�"-J�KhLQ=')- V,hW9h&Y ; � <oq\.q±: r. >H�8$� �� ± �-�8$ "%.q�����%6�£�+q± �1£�<" ±*��+n£�+3> � �8$%'4��+3$ ± �q±(9¯± " ± �!$�~l�Y�z"�.q�J &�Y+3$5"%��03 #" ±*��+JµL±*+3 &9*04>H±*+36 " �! r.2+q±:  £�9 �9�+£�¤
�89 �1¤ �&+B"�$1¬

�HGCIJ��^X�����W�/�����0� ; w�<Hq\.\±( r.J &�Y+B" £�±*+M"�.q�b¤��B$="-03')<�"���<?>q£7" �� ��B$="�£�+3>{$� r.q�8>2029 �±(+)~l��� ¤I£7" ±*��+J¬

����� � �	�:' */ )'�
� �+*��1��0�� �K��� $&�!' *�� 0�� ��� � *-����� �804"('
�C±(6Y.�±(+B" �8+3$�±*" ³�±($S£� ���03 |±y£�9�>H�8$ ±*6�+ 6Y��£�97~l����"%.\�=�C��� � �9�+£�¤Z£�+3>�q¨±(9(9B>)� ±(@���$%.q± �89(>q±*+26
£�+4>e£��3$5��� �-�&�\>H�!$�±(6Y+~¬
¥s.q� ¡��1�B$=" �&�L±($z£�.q±*6�.)<�±*+B" �8+3$ ± " ³�'2����"��Y+]$%�Y03��  ��¬$²`±*+\±¯¡U�1� 	y�L� �8AB0q±(� �!$o'2����"��Y+3$

~l����¤ "%.q��¡U�B�B$=" �&�L£7"¨£G��£7" �-��~Hm�� �-q¨±*"%.pm���®1�����'3�%�Y"%�Y+4$�'-�&�U'2029:$�� £7"z�b��� � ~l�Y�
«���®1 �Q$ �8 &�Y+3>3$y�Y~z¡U�1��$5" �8���%02+3+q±*+36iª��Y�"! ��~U�Y+q�z  £Y9 �8+3>H�8��³��1£Y��°|¬Q�y$ >H�8$� �� ± �9�!>
±(+�� ��~ ¬ ; « <UµB"�.q�8$ �y6��&£Y9($L£�� �-� �&9y£7" ±*@&�&9¯³� &�Y+3$ �&��@�£7" ±*@&��£�+3>]$5.3�Y029:> �-��£Y r.q±¯�&@�£ �39 �&¬O¥s.q�
±(+q± " ±¯£Y9o��02+ q¨±(9*9 �9�86�±(+�±*+M¤ ±:>k«�&&«3£�+4>i�&+3> �-��~l��� �z"�.q��$5" £Y�5"��Y~s"%.q� 	�0\²{����02+Jµ
 �03�%� �&+B"%9¯³�$� r.q�8>)039 �!>�"�� �9�86�±(+3±(+��1£Y�%9¯³l«�&�´\¬

�I��� �¢¡L�1£�¤¦¥¨§�©}ªU«H¬ q¬¯®+° ´ ²�£@³x® ´9µ\«��\®



� �������	��
 �
� � � � � ��� � � ��� � �
	�� � � 	 � �

� � 	 ��� �  � � �������

¡L�1£�¤ ±:$��/21"%��£Y �" �!>p~l�%�&¤ "%.q� ¡U�B�B$=" �&� £7"��e���1���{±(+q��" ±( b�&+q�8�%6&³Mª ¤���¤ �&+B"�0q¤�µJ�q¬ |
��� � ��� °|¬ ¥s.q�I����� � �9�+£�¤�9 ±(+q�Q"%��£�+4$5'��Y�%"�$-"%.q��'2����"��Y+ �9�+£�¤v~l����¤ ²{� <�®1�"%�M"%.q�
²`±(+q±y¡��1�
	-� " £Y�%6&��"1¬u�U"�"%.\�\" £Y�%6&��"1µ�"%.q��>H�!$�±(6Y+�� �8AB0q±(� �1¤ �&+B"�$H"���¤ £ 2H± ¤ ± � �U"%.q���30 2
£�� ���

� ¡L�+£�¤ '���$ ± " ±*��+`£�+3>M$="�£ �q±(9¯± " ³]�Y+]" £���6��&" ����®�¤ ¤
� ¥O£���6��&" ±(+26 £�+26�9 ��£�+4>M$5" £��q±(9 ±*" ³ ��� ´ � �A¤�� £�>
� ¡L�+£�¤n$%'4�Y"[® ��«�$ ±��1�����	´ �q¤ ¤

¥s.q� �-�1£�¤ '4�B$�±*" ±(�Y+ £�+3>�$="�£ �q±(9¯± " ³G� �8AB0q±(� � ¤ �&+B"�$$£Y� �s>)� ±*@&�&+ �{³ ²}�Y+B" �-�L£���9(����� �30 2
$5"%03>H±¯�8$1¬�¥s.q�z" £Y�%6&��" ±*+26`£Y+26Y9¯�h£�+3> $ ± � �z9¯± ¤ ±*" £7" ±*��+3$[¤I£�±*+B" £�±*+ "�.q��'2� ± ¤I£Y� ³ �9�+£�¤
q¨±*"%.q±(+M"%.q��"�£���6���"+¬X¥s.q�8$ ��£�� �� &�Y+3$ �&��@�£7" ±*@&�/�!$=" ± ¤I£7" �8$s�Y~j"�.q� � �!AB0q±*� � ¤ �8+�"r$ ¬
�?+M"%.q±:$� r.\£Y')" �8�1µB"%.\��" �8 r.3+q±( 1£�9�>H�!$�±(6Y+]~l�Y�s"�.q�[�I��� � ¡L�1£�¤s±($->H�8$� �� ± �-�8>J¬$¥s.\±($

�/21" �&+3>2$�~l�%�&¤ "%.q��¡��1�B$=" �&��"��b²x£�±*+��?+�� �8 #"��Y�L� ��� �p¡=�+£�¤�9¯±*+q�Aª "�.q�y�=� 9 ±(+q�@°u"%��"%.q�
²`±(+q±y¡��1�
	-� " £Y�%6&��"1¬

�4��� ���+* � � � � � �K��� $&� �.*/ )�8'�! " �	� 0 ' , ���("�$&�!' *�� 0#%$ � 
 �1�-�1�-�'&
¥s.q�M'2� ± ¤I£�� ³i�&9¯� ¤ �&+B"r$b±(+ "%.q�`�i��� � ¡=�+£�¤�9¯±*+q��£�� �3±(>H�8+B" ± 5\�8>k±*+ �O±*6�02� �`«H¬¯®�µ?£
$� r.q� ¤I£7" ±( �� �8'2� �!$��8+B" £7" ±*��+ ��~)"�.q� �-�1£�¤�9 ±(+q��¬$¡L�1£�¤e~l����¤ "%.\�L¡U�1��$5" �8�~±:$�"�� £Y+3$5'��Y�%" �!>
£�9(�Y+36G"%.\���=� �-�1£�¤�9 ±(+q� "%.2���Y036Y.�AB0\£�>)�%03'4��9 �G����mq®�¬u� '3029($ �8>e¤I£�6�+q��"+µ{¡z�BmH®�®&µ�9(��<
  £�" �!> >)�7q\+3$5"%� �1£�¤e��~�����mq®�>H�(�\�! #"r$�$ �&9¯�8 #" �8>�¡U�1��$5" �8� �\£7"r r.q�8$J±*+B"%��"%.q�L²`±*+\±¯¡U�1� 	y�
 r.\£Y+2+q�&9U¬~¡z��mq®�®O±($��*) �-22 |�&'2"�q\.q�&+ �-�1£�¤�±:$ �-� ±(+26�$��8+B"�"%��²`±(+q±y¡U�B�
	-��¬H�y0\£Y>2�%02'��Y9¯�8$
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2.2

brightness limit motivated the Linac upgrade, which increased the injection energy from 200 to 400
MeV in 1993.

Current performance is displayed in Figure 2.2.  Measured horizontal and vertical
emittances at 8 GeV are displayed as a function of bunch intensity.  The difference between
horizontal and vertical emittances may be entirely due to systematic errors in the normalization of
the data.  The emittances are seen to display a small linear dependence on intensity at the higher
intensity levels. Based on extrapolation of the data in Figure 2.2, the transverse emittance delivered
from the Booster at the specified Run II intensity of 6×1010 protons/bunch is thus expected to lie in
the range 18-20π mm-mrad.

  2.    2      Longitudinal Emittance vs. Intensity
Beam delivered from the Linac to the Booster is allowed to debunch prior to adiabatic

capture by the Booster rf system. The bunches thus formed have a longitudinal emittance of less
than 0.05 eV-sec. Historically, the Booster has suffered from strong longitudinal coupled bunch
instabilities driven by modes in the rf cavities above transition. Implementation of narrow-band
longitudinal dampers tuned to the most offensive modes has been effective at controlling growth at
present intensities. Current performance is summarized in Figure 2.3. The longitudinal emittance
delivered from the Booster is seen to be 0.1 eV-sec/bunch, nearly independent of intensity up to
4.5×1010 protons/bunch.  Improvements to the damper systems, summarized in Section 2.4, are
expected to allow maintenance of this longitudinal emittance in Run II.

Emittance vs. Intensity at Extraction from Booster After the 400 MeV
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Figure 2.2. Measured 8 GeV transverse beam emittance delivered from  the Booster as a
function of beam intensity.
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File: /home/russell/mbne/LEPquads/v3p1/20pi−1036.outPSN−1036

�O±*6�02� �b«H¬ � �¨¡L�1£�¤ �8+1@��&9(�Y'-�8$/£Y$�$50\¤A±(+26 �-�1£�¤v~l�%�&¤n"�.q� ¡��1�B$=" �&�-.9£Y$/«�	�M¤ ¤
 ¤��
� ¤ ±*"5"�£�+3  ��¬

�I��� �¢¡L�1£�¤¦¥¨§�©}ªU«H¬ q¬¯®+° ®!m ²�£@³x® ´9µ\«��\®



«H¬¯®�¬ �"©\� ²J��© ��¡s�o��² § �?�-�%�U�U/Mi�¥¨©���	y/)�s,�©O¥p§ ��/1��� 	 ªXkn¡s/Y®&¬ ®&¬ ®@°

0 50 100 150 200
1

10

100

C
le

ar
an

ce
 [s

ig
m

as
]

0 50 100 150 200
0

20

40

60

80

H
or

iz
on

ta
l [

m
m

]

MiniBooNE beam envelope and apertures

01.05.11 15:13:06

Source:  /home/russell/mbne/LEPquads/v3p1/20pi−1036.outPSN−1036

Beam definition:

Momentum: 8.9 GeV/c

Invariant emittance: 20π mm.mr
Envelopes:

95%

99%

Clearance from 99% envelope to aperture

HORIZONTAL

1 σ

limits, expressed in beam sigmas.
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MiniBooNE beam envelope and apertures

01.05.11 15:13:40

Source:  /home/russell/mbne/LEPquads/v3p1/20pi−1036.outPSN−1036

Beam definition:

Momentum: 8.9 GeV/c

Invariant emittance: 20π mm.mr

Envelopes:

95%

99%

Clearance from 99% envelope to aperture

limits, expressed in beam sigmas.

VERTICAL

1 σ

�O±*6�02� �3«H¬ � �h¡L�+£�¤ $ �&'\£Y� £�" ±(�Y+ ~l����¤ ¤I£�6Y+\��"A£Y+3>L�Y"%.q�8�A£Y'9�8�5"�02� �8$b±*+ $�±(6�¤I£Y$�~l�Y�
«����¤ ¤
 ¤�� �-�1£�¤s� ¤ ±*"5"�£�+3  ��¬X�X�&�%" ±:  £Y9�'29y£�+q�&¬
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95% beam envelope

Dispersion

MiniBooNE 8 GeV beamline

File: /home/russell/mbne/LEPquads/v3p1/40pi−1037.outPSN−1037
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MiniBooNE beam envelope and apertures

01.05.11 15:16:58

Source:  /home/russell/mbne/LEPquads/v3p1/40pi−1037.outPSN−1037

Beam definition:

Momentum: 8.9 GeV/c

Invariant emittance: 40π mm.mr
Envelopes:

95%

99%

Clearance from 99% envelope to aperture

HORIZONTAL

1 σ

limits, expressed in beam sigmas.

�O±*6�02� � «q¬ ®+ � ¡=�+£�¤ $ �&'9£���£7" ±(�Y+J~l�%�&¤ ¤I£�6�+q��"[£�+4>J�Y"%.q�8�[£�'-�&�%"%02� �8$�±(+ $ ±*6&¤I£Y$ ~l�Y�
´&���¤ ¤
 ¤�� �-�1£�¤s� ¤ ±*"5"�£�+3  ��¬������ ± �&��+B" £�9�'29y£�+\��¬
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MiniBooNE beam envelope and apertures

01.05.11 15:17:43

Source:  /home/russell/mbne/LEPquads/v3p1/40pi−1037.outPSN−1037

Beam definition:

Momentum: 8.9 GeV/c

Invariant emittance: 40π mm.mr

Envelopes:

95%

99%

Clearance from 99% envelope to aperture

limits, expressed in beam sigmas.

VERTICAL

1 σ

�O±*6�02� � «q¬ ®&®�� ¡=�+£�¤ $ �&'9£���£7" ±(�Y+J~l�%�&¤ ¤I£�6�+q��"[£�+4>J�Y"%.q�8�[£�'-�&�%"%02� �8$�±(+ $ ±*6&¤I£Y$ ~l�Y�
´&���¤ ¤
 ¤�� �-�1£�¤s� ¤ ±*"5"�£�+3  ��¬X�X�&�%" ±:  £Y9�'29y£�+q�&¬
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>)�7q\+3$5"%� �1£�¤¦�8+3>7¬y�� ���'2'9�8�y &�B��9 ±(+26z"�0 �-�b±:$�£�"5" £� r.q�8>M"���'2���7@{±(>q�� ��1�Y9¯±(+26�~l�Y�y"%.q�
�8>3>H³� �03�%� �&+B"\9*�B$%$ �8$1¬kY��'2���Y'���$ �[£�+`�q¬xmA¤z$-� ±($ ��" ±¯¤ �[�/22  ± "�£7" ±(�Y+{04$�±(+26l£�.\£Y9 ~ <?$ ±*+q��qL£�@&��~l�Y� ¤�¬=¥s.q�
$%q¨± "r r. '4�7qL�&�G$%02'2'29¯³ q¨±*9(9o� �8AB0q±(� �h£�+ ®1�\¬ |3¤ ±(9*9¯± ~D£Y� £�>2$� 1£�'\£� |±*"%���G r.\£���6��!>J"��`´��&
@Y��9 "r$e£Y+3>e$5"%��� ±(+26v®8|���´{�=�Y039 �!$]�Y~ �&+\�&��6�³�¬ �����%� �8 �" ±(�Y+3$�"%� "%.q�!$�� '��7q=�8�M$%02'2'29¯³
�8$5" ±¯¤I£7" �8$o"%� £Y & &�Y02+B"�~l�Y�U9*�B$%$ �8$"±*+�"%.q��  £��29 �!$=£Y� �/�/2)'-�8 #" �8>�"%� �9��$�¤I£Y9*9U¬�� $%02'2'29¯³
q¨±(9*9 �9�J &�Y+3$5"%��03 �" �8> "��M¤A�1��"�"�.q�8$ �}� �8AB0q±(� �1¤ �&+B"�$1¬e� "�q¨±(9(9-+q�1�8> "%�L'3�%�7@{±:>H�i® !
� �&6Y039¯£�" ±(�Y+ �Y~-"�.q�p'2029:$��!$Q~l�Y�h²`±(+q±y¡��1�
	-�C¬ ¥s.q±:$�q¨±*9(9 �-�`£Y r.q±¯�&@&�8>Lq¨±*"%.3�Y0)"�'2� ��<
'2029:$ �8$1¬
��������� * , .�0 �2$ ��$ ,:0���� 3 5 7#� �:���:���/<
� "?±:$u'29¯£Y+2+q�!>�"���03$��¨�-2H±($5" ±(+26 >H�8$ ±(6Y+3$X£Y+3>Q.\£��r>)qz£�� ��~l�Y�?£�$$¤I£�+{³[¤I£�6�+q��"�$5" £�+4>2$?£Y$
'���$�$�± �29¯��¬��a$="�£�+3>q£Y��>l²x£�±(+]�?+�� �8 #"��Y�\>H±('4��9 � $5" £Y+3>�q¨±(9*9 �-��0)" ±(9¯±��1�8>�~l�Y�U"%.q� ��< ;�< ®@«�
>H±('4��9 �!$ ¬U��'2'3�%��'2� ±y£7" � ¤Q�)>H± 54 1£7" ±(�Y+4$\q¨±*9(9 �-��¤I£Y>H��"���� �(�\�! #" �-�1£�¤n"%� �3�1���C�&9¯�&@�£7<
" ±(�Y+4$ µ��%��9*9H� �8AB0q±(� �!>M~l�Y� m ¤I£�6Y+\��"�$1µ7£�+3>{"%.q��@��&�%" ±:  £Y9j>)��6Y9¯�&6� &�Y+ 546Y02��£7" ±*��+J¬-;B� �&
AB0\£Y>2�%02'��Y9¯� £�+3> ����� AB0\£�>)�%03'4��9 ��¤I£�6Y+\��"�$sq¨±(9(9�03$���£�$%9 ±(6Y.B"%9¯³I¤��)>H±359�8>p>H�8$ ±(6Y+��Y~
£�+l�/2H±($5" ±(+26b¤ £Y6Y+q�&"U$5" £Y+3>7¬X¥s.q�!54+\£�94~l�) �03$ ±*+36�AB0\£Y>2�%02'��Y9¯��"�� ±('29¯��"U� �!A�0\±*� �8$=£��3�1�Y�
$5" £�+4>J"�.\£7" £� & &��¤ ¤��1>\£7" �!$ "%.q��|&3±*+3 r. .q±(6Y. �-�1£�¤Q9¯±(+q��¬3¥s.q�8$ ��$="�£�+3>3$�£�9:$5�p.\£�@&�
"%� �-��>q�8$ ±*6�+q�8>�"���� � �\�8 �"U'2����� �! #" �8>I¤��7@��1¤ �&+B"�~l����.3�Y��+�� �&'29y£Y  � ¤ �&+B"1¬��$�8� ¤I£�+\�&+B"
¤I£�6�+q��"�AB0\£Y>2�%02'��Y9¯�8$1µ�"%� ± ¤W¤I£�6Y+\��"�$1µz£�+3> ±(+3$="��%0\¤A�8+B" £7" ±*��+ q¨±(9(9-0)" ±*9¯±��1�`�/2H±:$=" ±*+26>H�!$�±(6Y+3$�£Y$ qL�&9(9)¬Q/1��¤ �Q��~�"�.q�8$ �z$="�£�+3>2$yq¨±(9*9 �-� ¤Q��02+B" �!>}�Y+w£] &��¤ ¤��Y+ �9�+£�¤v"%�
£�9(9(�7q ~l�Y�¨�+£Y$ � �Y~O±(+3$5" £Y9*9y£7" ±*��+J¬

�4��� � ��� �!� 
� , ,;��*/�!' # $ � 
 �1�-�1�S��� ����������� ��������� &
/1�&¤A�y��~�"�.q��'4�7qL�&�U$503'2'29¯± �!$o~l���o"�.q��²`±(+q±¯¡U�1� 	y� �-�1£�¤Q9¯±(+q�yq¨±(9(9 �-��9*�) 1£7" �!>I±(+e²{� <
®1e£�+3>J$5�&¤A�A±(+Y²{� <�®+«qµ3"�.q�I¥S£Y�%6&��" /{�8�%@{±: |�A¡�0\±*9:>H±(+26\¬[¥s.q� ²`±(+q±y¡��1�
	-�e$%02'2'39 ±¯�8$
"%� �-�z9(�1 1£7" �8>w±*+�²}� < ®+3£Y� �Q"�.2��$ �Q~l�Y� "�.q��'2029:$ �8>w¤I£�6Y+\��"1µ�"%.q�]A�09£Y>2$1µ�"�.q��"%� ± ¤z$
£�+4> "%.q��"=q�� �7<?;7<�®+«�M>q±*'��Y9¯�8$�9*�) 1£7" �!>i±*+ "%.q�3²x£�±(+L�?+7� �! #"��Y��"%02+2+\�&9U¬w¥s.q�]'4�7qL�&�
$%02'2'29¯± �!$U~l�Y�s"�.q�G�7<?;7<�®+«�Y$L£�� �/±(+`²{� < ®+�~l�Y� ����"%.{$ £7~ �&" ³l£�+3>]�Y'-�&��£7" ±*��+\£�9�� �1£�$5��+3$ ¬
�u�7q=�8�Q$%02'2'39 ±¯�8$Q~l����"%.q�{@&�&�%" ±:  £�9\>)��6Y9¯�&69µ�~l�Y��"�.q�M~l�Y02�453+9£�9s~l�) �03$�A�09£Y>2$ £�+4>

~l�Y� "�.q�z�7<?;7<�®+«��>H±*'��Y9¯�8$ ±(+ "%.q� �-�1£�¤Q9¯±(+q� �&+3 &9*�B$502� �Qq¨±*9(9 �9��9(�)  £7" �8>Y±*+ "%.\� ²}� < ®@«
/{�8�%@{±: |��¡U0q±*9:>H±(+26\¬z¥s.q±:$¨¤ ±*+\± ¤ ± � �8$�"%.q�� ��Y+36��8$5" ±(�Y+3±(+]"�.q� ²{� <�®1z/{�8�%@{±: |�[¡U0q±(9(>q±*+26
£�+4>e£�@���±:>2$�"%.q�G>H±=�� �029*" ³��Y~j6&��"5" ±*+36h£Y>2>H±*" ±(�Y+9£�9J§ � '��7q=�8�\  £ �39 �!$U~l�%�&¤ "%.q�[²}� < ®+
/{�8�%@{±: |��¡U0q±*9:>H±(+26Q"%��"�.q�[²`±(+q±¯¡U�1� 	y� �&+3 &9*�B$502� ��¬
§�±:$5"%� ± �202" ±(+26\"%.\��'4�7qL�&�j$502'3'29 ±¯�8$~±*+�"�.q±:$�qz£@³�'9�8� ¤ ±*"�$�"%.q��04$����Y~1$ �&��@{±(  � �20q±(9(>q±*+26�3�1�Y�\$%'\£Y  ��£�+3>M��~u  £��29 ����02+3$s"�� �9� ��')" ±¯¤ ±��1�8>7¬
�u�7q=�8��$502'3'29 ³�"%��9 �8� £Y+3 |�!$j.9£�@�� �9�1�&+z  £Y9( &029y£7" �!>�04$�±(+26�"%.\� �9�+£�¤�9 ±(+q�\��')" ±: &$ ; ®1 <Uµ

£�+4> "%.\�s &�Y+3$5"%��£�±(+B"�$�"%.\£�"j"�.q� �9�+£�¤ ¤�03$="�� � ¤I£�±(+Gq¨±*"%.q±(+�®"¤ ¤��Y~3"%.\�o"�£���6���"� |�8+B" �&�
£�+4>�@�£�� ³I±*+�£�+36Y9¯� �{³z+2� ¤��Y� ��"%.9£7"¨´\¬ � ¤��+¬X¥S£��29 �[«q¬ ´�9 ±:$="r$U"%.q� "��Y9¯�&��£�+3  �8$o~l�Y�U"%.q�
�-�&+3> $="�� ±(+26�$ �7£�9(9j'��7qL�&� �8>{AB0\£Y>2�%02'��Y9¯�8$-.\£�@��b£z"%��9 �8� £Y+3 |����~ �
	 ��	���b®��M®1 ��� ¬
¥s.q�!$�� "%��9 �8� £Y+3 |�!$z£�� ���+£Y$ ±*9¯³l£� r.q± �8@�£ �29¯��¬
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§�±('��Y9¯�G$="�� ±(+26 �
	�� 	
¡z��mH®&® ®�®+q¬ ®&®8| �w®1 � �
¡z�Y��\®
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¡L�����« mq¬ �&��m �w®1 � �

¡z�Y��mq®
�
¡L����mY; ;�|q¬ ®�m�« �w®1 � �

¡z�Y�Y�\®
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¡L���Y|�; ´9¬ mq® ´	�w®1 � �

¡z�Bw{®&®
�
¡L�1w�«q® ®!|q¬ m�q® �w®1 � �

¥O£ �29¯�b«H¬ ´ �L§�±('��Y9¯��<?$="�� ±(+26�'��7q=�8�-$%02'2'29¯³{$="�£ �q±(9 ±*" ³M+q� �!>H�8>M"��e£Y r.\± �8@���" £Y�%6&��" ±*+26z� ��<
AB0q±(� �1¤A�8+B"�$1¬$²�£�6Y+\��"�$¨£Y� ��6��%��02'9�!>l£� & �����>q±*+26�"%�z'��7qL�&�\$503'2'29¯³�¬

�4��� � �  K�;� � 
 �:' " ��� #%$ � 
 ��������� &
� $� r.q� ¤I£7" ±( ��7@&�&��@{± �8q ��~j"%.q�G@�£� �020q¤ 9¯£@³��Y0)"s~l���s"%.q� �I���1��¡L�1£�¤¦±($�>q�&'q±: #" �8>�±(+�O±*6�02� �b«H¬¯®+«q¬�¥s.q� 54��$5"�±*" � ¤ ±:$�£�$5'-�8  ±¯£Y9j@�£� �020q¤c r.\£�¤ �-�&�/±*+{"�.q��$5q¨±*"� r.`¤I£�6�+q��"
q\.q±: r.�£�9(9(�7q�$�"�.q�A²x±*+q±y¡U�1� 	-� �9�+£�¤�9¯±*+q��"%�M$5'39 ±*" �*) ~l�%�&¤v"%.q���"���9�+£�¤�9 ±(+q�&¬ � ¤Q<
¤ �8>H±y£7" �&9¯³p~l�Y9(9*�7q¨±(+26z"�.q�z$5'39 ±*" £]6&£�" ��@@£Y9*@&� ±:$�±*+3$5" £Y9*9¯�8>}"%��£�9(9*�7q "�.q�I²`±*+\±¯¡U�1� 	y�
�-�1£�¤�9¯±*+\�G"%� �9�b±($%�Y9y£7" �8>M~l����¤ "%.\���"� �9�+£�¤�9 ±(+q�&¬�/{± 2};�&�� �7$C±(�Y+J'20q¤�'3$�£�� ��>H±:$=<
"%� ± �20)" �!>M£�9(�Y+26M"�.q� �9�+£�¤�9¯±*+q�e£�+3> "=qU�}����� ��$ ±*��+ '30q¤�'3$ £Y� ��9(�1 1£7" �8>i£7"[�1± "�.q�&�
�&+4> ��~U"%.q� �-�&� ¤Q< '\±*'-��¬{�?±(��£�+q±�6�£�026&�8$�£�+4> 6�£7" ��µH9 �&"5< 02'�£�+3> ���Y� ���Y036Y.q±(+26p@�£�9(@��8$
£�� �[±(+3 �9(03>H�!>x£7" $5�&¤A����~u"%.\��'20q¤�'q±(+26p$="�£7" ±*��+3$ ¬C¥s.\��@�£Y &020q¤ ±*+}"%.q� �9�+£�¤�9 ±(+q�b±($
�/2)'-�8 �" �8>}"%� �-� £��4��0)" ®1 �	� ¥j�Y���+µ-�-22 |�&'2"�±(+J"�.q� �9�8� ¤Q< 'q±('9� £�+3> +q�+£��y"%.q� ¤�039 " ± <
q¨±(� �!$sq\.q�&� ��± "/±($¨�-2)'9�! #" �!>]"%� �-� £ ���Y0)"[®+ � ��¥j�Y���+¬"¥s.q� @�£Y &020q¤n'\±*'-�[�&+4>2$C£7~ " �&�
"%.\��±*+3$5"%��0q¤ �&+B"�£7" ±(�Y+p>)�7q\+3$5"%� �1£�¤ ��~H"%.q� 54+\£�9*<�~l�) &03$U"%� ±*'39 �&"1¬
�4� � $ � "(�!� 
 �:' " ��� ' # $ � 
 �1�-����
 &
¥s.q�� &�1�Y9¯±*+26�qL£�" �&��~l�Y��"�.q� ¤I£Y6Y+q�&"�$C£Y+3>p'4�7qL�&� $503'2'29¯± �!$�q¨±(9*9 �9��'2�%�7@{±:>H�8> �{³]"%.q�
²x£�±*+{�?+7� �! #"��Y� �u��k $ ³)$=" � ¤�¬¨¥s.q� ²{�sqz£7" �&�-$ ³)$=" � ¤ qL£�$�>H�8$ ±(6Y+q�!>�"���.\£Y+3>)9¯� "%.q�
.q�+£7"y9(�&£�>`£Y$�$5�)  ±¯£�" �8>pq¨±*"%.w£x®&< $ �8 &�Y+3>p$%9*�7q�$%'q±(9*9j~l�%�&¤ "%.q�A²x£�±(+}�?+7� �! #"%���1µ�q¨±*"%.�£
$ £7~ ��" ³Q~D£� #"%���s��~S£Y'2'2��� 2{±¯¤I£7" �&9¯³I«��!l¬$¥s.q��[ £�@�£�±(9¯£��29¯�n]'�3�7qn£�"C²{� < ®+[±:$L�8$5" ±¯¤ £�" �!>
£7"�;\®�w/���"² ªD²{�$¥~�! r.2+q±:  £Y9q§��!$�±(6Y+���£Y+3> ���B��� ; ®�®=<�µ �O±(6Y02� �U;\¬ |�<U´{°�¬O¥s.q�\+q�1£Y�H" �&� ¤
'29y£�+3$�~l�Y��"�.q�/²}�j~D£� |±(9 ±*" ³ £�+B" ±: |±('\£7" �\~D£Y$5"�$%'q±(9*93~l�Y� 	���²{��µBq\.q±: r.z� �!AB0q±*� �8$��Y+29¯³b´1m !
��~�"�.q� '4�7qL�&��~l�Y�s$59(�7q $%'q±*9(9Uµ{£Y+3>z02+4>H�&�U"%.\�8$ �  &�Y+3>H±*" ±(�Y+4$�"�.q� $ £7~ �&" ³Q~D£Y #"��Y�L±($=¤�04 r.
9y£���6��&�+¬
¥s.q��'��7q=�8�� ���+3$%0q¤�')" ±(�Y+i±(+ "%.q�l²x±*+q±y¡U�1� 	-� �-�1£�¤�9 ±(+q�h±:$�>)�&¤ ±*+\£�" �!> �{³ "%.q�

�7<?;7<�®+«��>q±*'��Y9¯�8$1µ4q\.\±( r.x£� & ���02+B"\~l�Y��£�'2'2��� 2H± ¤I£�" �&9¯³e«����1k ¬4� �4��0)"b®�m�h���"²P�Y~
�H��k ±($Q� �8AB0q±(� �!> ~l��� £	®1 � �a" �1¤Q'-�&��£7"�02� �M6�� £�>H±¯�&+B"1¬ ,-"�.q�&� ¤I£�6�+q��"r$�"%.\£�"�� ��<
AB0q±(� � �u��k �3�7q "%�Y" £�9(9¯±*+26b£�'2'2��� 2H± ¤I£�" �&9¯³Qw� ���"² £Y� �\"�.q�y;1� ��\µ�² �bµ{£�+3>I² � �
AB0\£Y>2�%02'��Y9¯�8$1µ\£Y+3>3´�<�´�<?;��"%� ± ¤v>H±('4��9 �!$ ¬z¥s.q�G'��7qL�&��$%02'2'29¯± �!$ µ3"%.q��.2�Y��+`©��jk $ ³)$=<
" �1¤�µ@£Y+3>G &�B��9 ±(+26\~l����"�.q� �-�1£�¤p£��3$5��� �-�&�r$�q¨±(9*9B� �8AB0q±(� �"£Y+[£Y>2>q± " ±*��+\£�91m�����=²M¬=¥s.q�
"%�Y" £Y9B.\�1£7"u9(�&£Y> ± ¤�'���$ �8> ��³G"%.q�z�����1� ¡=�+£�¤�9¯±*+q�z£�+4>G"�.q�L²x±*+q±y¡U�1� 	-�Y�/2)'-�&� ± ¤ �8+�"
±:$ �8$5" ±¯¤ £�" �!>J"�� �9�z9¯�8$�$ "%.9£�+�«Ym�3���=²W£Y+3> � �8'2� �!$��8+B"�$ £ ���Y0)" £w®+�! ±(+3 �� � ¤ �8+�"
"%�]"%.\�Q$%9*�7qs<?$%'q±*9(9u |³) �9¯�Q &�1�Y9¯±*+26]� �!AB0q±*� � ¤ �8+�"r$/£�"y"�.q� ²{� < ®+�$ �&��@{±(  � �20q±(9:>H±*+36\µJ£�+4>
9¯�8$�$ "%.\£Y+i«�! ��~U"%.q�Q"���" £Y9�.q�1£�"[±*+3'20)" "%�M"�.q�� ��1�Y9¯±(+26]'��Y+4>2$�~l����¤c"�.q�z� ±(+269¬A¥s.q�
±(+3 �� � ¤ �&+B"�£�9� ��1��9 ±(+26Q� �!A�0\±*� �8>M  £Y+ �-�[£Y 8 ���¤��)>q£�" � ��³�"%.q���-2H±($5" ±(+26z$�³)$5" �1¤�$1¬
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RV IP300

RV IP300

IP300PG
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860B

RV     - Roughing Valve
PG     - Pirani Gauge
LuV   - Let-up Valve

IP300 - 300 l/s Ion Pump
GV    - Gate Valve

IP300 - 600 l/s Ion Pump

vacuum.fig (2.1)
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�����7@{±(>H±(+26 �H��k ~l�Y��"%.q�?¤I£Y6Y+q�&"�$�q¨±*"%.q±(+�"%.\�?²x£�±(+ �?+7� �8 �"%���J�&+3 &9*�B$503� �$±:$�$="�� £�±*6�.B"5<
~l�Y��qz£��r>7¬S¥O£�'3$=±(+�"���"�.q����� �3.\�1£Y>q�&�r$=£�"\�-<�®1q®�~ � �8>e£�$ �8 &�Y+3>q£Y� ³A¤I£�±(+)~l�Y9:>�"�.\£7"\>H±:$=<"%� ± �20)" �!$ �u��k "��z"%.\�[¤I£�6Y+\��"�$C±*+p"�.q� �l���1���?+B" �&�r$ �8 #" ±*��+`£�� �1£�ªl02'4$="�� �+£�¤ ��~u"%.q�
�-�&� ¤�< 'q±('9�&¬ °b¥j�����1�&'z"�.q� qL£�" �&��@��89*�) |±*" ³ �9�89*�7q w�~l'3$ µ{´ � ��9¯±*+\�8$o~ � �8>z"%.q� � �1¤I£�±(+3>H�&�
��~-"%.q� �-�1£�¤�9¯±*+\��¬	¥s.\±($z &��¤�'2� ±($ �8$�"%.q��¤I£�6�+q��"r$�>)�7q\+3$5"%� �1£�¤P�Y~-"%.\� �-�&� ¤Q< '\±*'-��µ
"%.\�G" £Y�%6&��"-.9£�9(9)µ�'4�7qL�&�y$502'3'29 ±¯�8$y9(�1 1£7" �8>�±(+�²{� <�®+«Hµ-£�+3>{"%.q�A©���k $ ³)$=" � ¤�¬�¥s.q�!$��
9¯±*+q�!$�" ±¯��±(+B"%�Q"%.\� ²}�o��� ��.q�+£Y>H�8��$z£7"-�-<�®1�\µ�£Y+3>�.9£�@�� @@£Y9*@&�8$�9*�) 1£7" �!>e£�" ����"�.e�8+3>2$
��~�"�.q� �9�8� ¤Q< 'q±*'-��¬ �?+4$="�£�9(9¯£�" ±(�Y+}� �8AB0q±(� �!>x£ �3� ±¯��~�$%.10)"�>2�7q\+}��~�"�.q�A²}� �H��k µ7£�+4>
qz£Y$C£� & ��&¤�'29 ±:$%.q�8>�±(+p"%.q�Q$5'3� ±(+26��Y~?«��&q¬z¥s.q� �-�&� ¤ '\±*'-��qz£Y$-'203$%.q�8>p02+4>H�&�y"%.q�
²{� <�®1�$ �&��@�±: |� �20\±*9:>H±(+26�~l�%�&¤ "�.q� 02'3$5"%� �1£�¤¦�&+4>]�Y~j"�.q� ²`±(+q±y¡U�B�
	-� �-�1£�¤�9¯±*+\���&+)<
 �9(��$%02� �z±*+B"%��"�.q�C²{�H"%03+2+q�&94>)02� ±*+26�"�.q�\~D£Y9*99«��&y$%.10)"�>)�7q\+~¬ �u��k 'q±('-�8$1µ&�89 �! #"%� ±:  £�9
 ���02+3>)0\± "r$L£Y+3>�"�.q� �9�+£�¤ 'q±('9� qL�&� ��±(+3$="�£�9(9 �!>h±(+�"�.q� �-�&� ¤Q< '\±*'-��£�"�"�.q��$ £�¤A�y" ±¯¤ ��¬
¥s.q� ´ � � 9 ±(+q�!$s�%02+]�Y'2'���$ ±*" � "%.q� £�±:$%9 ��$�±:>H����~�"%.q� "%03+2+q�&9Uµ\£��4�7@&�/£�+4> �-�&.q±(+3>]"%.q�

¤I£�6�+q��"�$5"%� ±*+269µ)02+B" ±(9S¡�< �Bw{®&®�µBq\.q�&� �&03'4��+]"�.q� 9¯±*+q�!$U" �1��¬ �3�%�&¤ .q�&� ��µ9£Q$ ��"��Y~L® � � � � �9¯±*+q�!$�q¨±(9*9H ���+�" ±*+10q�b£�9(�Y+26�"�.q±($-qL£Y9*9�"%�z"�.q� "�� ±('29¯��"/¤I£Y6Y+q�&"�$C£Y+3>p6�±(��>q�&�+µ3 ���+2+q�8 �" �!>"%��"%.q�A´�� �j9 ±(+q�!$-q¨±*"%. .2��$ �8$�£�+3> �\£�9(9j@�£Y9*@&�8$1¬y��9:$%��~l����¤v.q�&� ��µ�"�.q�b´ � ��9¯±*+\�8$ � �!>)03  �
"%�p;�� �)µ� �����$�$-"%.q��"%02+3+q�&9��7@&�&��.q�1£�>7µ;£�+3>  ��Y+B" ±*+10q��>)�7q\+}"�.q�I£�±:$59¯��$�±:>H��"%�]"%.q� 53�r$="
"=qU���Y~�"%.\��~l�Y02�\@&�&�%" ±:  £�9�'-�&+q�&"%��£7" ±*��+3$U"%�I²{� <�®+«q¬ �\� �!>2$U"%�Q"%.\�[©���k $5�{±:>�£�+3>�"%.q�
$5"%� ±*'29¯±(+q� �\£�+J���&±*9g�-+q± "r$[ª �u�L�-$�°z£�� � $5'29¯±*"��*)Y£�"U"�.q±:$\'4�&±*+B"+¬
�4��� ���+* � � � � � �K��� � � 0 * "(�1�+*-0�� # $ � 
 ��������� &
¥s.q�z'2� ±¯¤ £Y� ³ �-�1£�¤ '���$ ± " ±*��+Jµ�'3�%� 539 �&µS£Y+3>w±*+B" �8+3$ ± " ³}q¨±(9(9 �9�l¤Q��+q±*"%�Y� �8>J"%��¤I£�±(+)<" £�±*+L"%.q�].q±*6�.q�8$5"�'���$�$ ± �29¯� �40 27µu"%�  &�Y+3$5"%��£�±(+ �-�1£�¤ $ ±¯¤�029y£7" ±*��+3$ µX£Y+3> "%� '2� �&@��8+B"
9(��$�$��!$ ¬I²{029*" ±(q¨±(� �!$�q¨±*9(9 �-�z03$��!> "%��¤ �1£Y$%02� � �9�+£�¤ '2��� 549 �!$ ¬I¡s�"²}$�q¨±(9(9 �9�z04$��!>
"%��¤A�+£Y$%02� � �9�+£�¤P'���$ ± " ±*��+JµX£�+3>�£ �9�+£�¤  �02��� �&+B"G"%���%�&±(> q¨±(9(9=¤ �1£�$503� � �-�1£�¤ ±(+)<
" �8+3$ ± " ³&¬ ª)¡s�"²}$C£Y9($%�I¤ �1£�$502� ��±(+�" �&+3$ ±*" ³�µ �30)"-"�.q� "%���%�&±(>3±:$�+q�! |�!$%$ £�� ³z~l�Y��£ �3$%�Y9(0)" �
  £Y9 ± �2��£7" ±*��+J¬ °a/{±(+3  �e£�9(9�"�.q�]>q�&@{±(  �8$�03$��!>M±(+k²`±(+q±¯¡U�1� 	y�¢£�� �l£Y9($%�{03$ �8>M±(+L��"�.q�&�
�-�1£�¤�9¯±*+\�8$1µ2$5'\£Y� �� ��&¤�'4��+q�&+B"�$Uq¨±(9*9 �-� ¤I£�±(+�"�£�±(+q�8> �{³�"%.q�[£Y'2'2���Y'2� ±y£7" ��¡L�1£�¤z$z§/± <
@{±($ ±(�Y+ >H�&'\£Y�5" ¤ �&+B"�$[£�$�'\£��%"G��~U"%.\�z6��&+\�&��£�9X±(+B@&�&+B"%��� ³&¬z� $% r.\� ¤I£7" ±( Q�7@��8�%@{±¯�&q��Y~
"%.\� 9*�)  £�" ±(�Y+M��~ �9�+£�¤�9 ±(+q��±(+3$5"%��0q¤ �&+B" £�" ±(�Y+3±($\6&±*@&�&+3±*+ �O±*6�02� ��«q¬ ®!;q¬
����; ��� � ��0�� �',:� � ��
� , ��� 7 ��,/� *-�10�
�$ �����
¥sqL�&+B" ³B<�"=qU�A¡s�=²}$sq¨±*9(9 �-� '29y£Y |�!>l±(+M"%.q� �-�1£�¤n9¯±*+\�hª�/{�1� �S±(6Y03� �[«H¬¯®8;\¬ °�~l��� �9�+£�¤
"%03+q±*+36\¬o�"±*6�.�"��Sµ 	3¡s�"² '\£�±(�r$¨£�� � +\� �8>q�8>7¬L¥s.q� 53�r$="�'\£�±*�¨±:$\'29y£Y  �8>�£7"\"�.q� �-�&6�±(+)<
+q±(+26p��~�"%.q�I�`��� �s¡L�1£�¤�9 ±(+q��µ �9�&"=q=�1�&+i¡L�BmH®&®b£�+4> ������q¬Q��+2�Y"%.q�8��±($�03'3$="�� �+£�¤
��~�"%.q�G>)��0 �29¯��"C£7"U"%.\���&+B"%��£�+3  ��"���"�.q� �9�8� ¤Q< 'q±('9��02+3>q�&�C²{� <�®1\¬H�a'\£�±*�z±:$U9*�)  £�" �!>
£7"\"�.q�[�8+3>M��~H"%.q� �-�&� ¤Q< '\±*'-�[£�+3>M02'4$="�� �+£�¤n�Y~j"�.q��>)��0 �29¯��"-q\.\±( r.{$ ��"�$\"%.q� ��')" ±: &$
6Y�&±*+36I±*+B"%��"%.q�A£��r �£�+3>	�u,�§�,� r.\£Y+2+q�89)¬\��+3��"%.\�&� '\£�±(�C±:$-9(�)  £7" �8>`£�"����Bw�q¬�ªD¥s.q�
�&+4>���~j"%.q��£Y�� �¬ °b¥s.q�&� �-q¨±(9(9 �9��£�'\£�±(�¨£7"z�1£Y r.e�&+3>]��~�"%.q� 53+\£Y9�~l�1 &03$1¬?¥sq��Q� �!>)02+)<
>q£Y+�"�'9£�±(��$sq¨±(9*9 �9�G9(�)  £�" �8>]02'3$5"%� �1£�¤n�Y~j"�.q��" £Y�%6&��"1¬U/{±323±*+4>H±*@{±:>)0\£Y9~¡s�"²}$sq¨±(9*9 �9�'29y£Y  �8>h±(+�"�.q� �9�+£�¤�9¯±*+q�&¬?¥s.q� 9¯£�$="s"=qU�b¡s�"² '\£�±(��$U02'4$="�� �+£�¤
��~j"%.q� " £Y�%6&��"Uq¨±*9(9 �9�
��~�$%'9�! |±y£�9�>H�8$ ±*6�+�"%� 53""±*+�"%.q�-" ±(6Y.B"�$%'\£Y  � �9�&"=q=�1�&+�"%.\�y$5"%� ±*'29¯±(+q��¬�/1'-�8  ±¯£Y9\�&9¯�8 �"%���Y+)<
±: &$�±:$ �-� ±(+26J>H�!$�±(6Y+\�8> ~l�Y� �9�&"5" �8�b£� & �03� £� |³}+q�+£�� "�.q�z"�£���6���"Gq\.\�&� ��"%�Y9¯�&� �&+4 |�8$ £�� �
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«¬¯®±°³²µ´·¶¹¸»º½¼³¾À¿¹ÁÃÂ³´½ÄÆÅÈÇÉ¬ÊÁÌËÎÍÏ´½²ÉÍÐ¬»´ÒÑÓËÈÔÖÕ»ËÐÁ½ÅÎÇµ¬¯Ë±×ØËÏÔÙ¬¯×ÛÚÜÇÉ²µ°³ÄÆ´Ò×ÝÇÃÅÎÇÉ¬»ËÏ×Þ¬»×ÞÇµÂ³´àß³²µ¬¯ÄáÅÏ²Éâ
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ÇÉ²µ¬»ÄØðúêÞûüíìÄ·°³Õ¯ÇÉ¬»Ñý¬»²É´±ðþóëË±²àíÿÇÉË±²ÉË±¬�� ðÙã³ß³Ä íìãö´ñÅÈÄ ßåË±ÚÉ¬ Çµ¬¯Ë±× ÄÆËÏ×Û¬ ÇµËÏ²ñðÖóýèëê í
ÇÉËÏÇµÅÏÕ Õ¯ËÝÚÉÚÀÄÆËÏ×Û¬ ÇµËÏ²ñð�� û ê íé²É´ñÚÜ¬ÊÚ Çµ¬¯Í±´ôÑÀÅÈÕ»Õ ÄÆËÏ×³¬¯ÇÉË±²½¸
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ÚÉÄÆÅÏÕ¯Õ»´Ò²ñ¸ÀóÀÂ³´à²µ´½ÚÜÇøÑý¬¯Õ»Õëãå´ÌÇµÂ³´ ÚµÅÈÄÆ´àÅÏÚø¬¯×�ÇµÂ³´�� � ÇÉ²ÃÅÈ×ÛÚÜÔ ´Ò²øÕ¯¬»×³´Ï¸ýóÀÂ³´ � � ´Òò ÚÜÇ âÐÕ¯´
�	�þê ´ÒÕ»´½Á Çµ²ÉË±×³¬ÊÁÒÚ ¬»ÚÌÁÒËÏÄÆßÛÅÈÇÉ¬»ã³Õ¯´ÆÑý¬¯ÇÉÂ º�� ÷ ùÆË±ßö´½²µÅÈÇÉ¬»ËÏ× ¸ïóÀÂ³´Æ´ÒÕ»´½Á Çµ²ÉË±×³¬ÊÁÒÚ ÄáÅ â ãö´
°³ß³®±²µÅ �¹´ �éÇÉËáß³²µËÎÍÐ¬��³´ôãå´ ÇÉÇÉ´Ò²ôÅÏÁÒÁÒ°³²ÃÅÏÁ âéÅÏ× ��Ú ÇÃÅÈã³¬»Õ»¬ Ç â±¸

óÀÂ³´ �	�þê Ú �¹Ëý×³ËÏÇ ¬»×ÝÇÉ´Ò²ÃÅÏÁ Ç Ñý¬ ÇµÂÌÇÉÂÛ´Öãö´ñÅÈÄ ¬¯×àÅÏ×ÐâôÑÀÅ â ÇµÂÛÅÎÇ �³´Ò®Ï²ÃÅ��³´½Ú ¬¯ÇµÚ��±°öÅÈÕ»¬ Ç â
ÅÈ× � ÇÉÂÐ°ÛÚ ÄÆÅ â ãå´Ö°ÛÚÉ´ �çÇµË ÄÆËÏ×³¬¯ÇÉË±² ÇÉÂÛ´þãå´½ÅÈÄ ßåË±ÚÉ¬ Çµ¬¯Ë±×àÁ Ë±×±Çµ¬¯×Ð°³Ë±°ÛÚÉÕ¯â±¸ �î´½ÅÈÄ ßåË±ÚÉ¬ Çµ¬¯Ë±×
�³ÅÈÇµÅ ÅÈ× � ÇÉÂ³´�ÕÊÅÎÇÉÇÉ¬ÊÁ ´ �¹´��ö×³¬ Çµ¬¯Ë±× Ñý¬»Õ»Õýãö´�°ÛÚÉ´ � ÅÏÚï¬»×³ß³°¹ÇÆÇÉËìÅ ãö´ñÅÈÄÆÕ»¬¯×³´ÞÅÏ°¹ÇÉËÏÇÉ°³×³´
ß³²µËÏ®±²µÅÏÄ ÇÉÂöÅÎÇ Ñý¬»Õ»ÕôÄÆËÏ×Û¬ ÇµËÏ²éÇµÂ³´ ãö´ñÅÈÄ ßöËÝÚÜ¬¯ÇÉ¬»ËÏ× ÅÏ× �õÄáÅ��±´ Á Ë±²É²µ´½Á ÇÉ¬»ËÏ×ÛÚäÚÜß³¬»Õ»ÕôãÐâ
ÚÉß³¬¯Õ»Õ ¸

¿Ð´ÒÍ±´Ò×ÝÇÉ´½´Ò×éÕ»Ë±ÚµÚÙÄÆËÏ×Û¬ ÇµËÏ²ÃÚÖÑý¬»Õ¯Õåãö´ôß³ÕÊÅÏÁ ´��éÅÈÕ»ËÏ×Û®çÇÉÂ³´ôãö´ñÅÈÄ Õ¯¬»×³´øÇÉË·ÄÆË±×³¬ ÇµËÏ²úãö´ñÅÈÄ
Õ»Ë±ÚµÚÜ´ñÚÒ¸ëóÀÂÛ´Öß³²µ´ Ô ´Ò²µ²µ´ �øÇ âÝßå´þ¬ÊÚ ÇµÂ³´úÚÉ´½ÅÏÕ¯´��ô°Û×³¬ ÇÑýÂ³¬ÊÁÃÂ ¬ÊÚëÁÒËÏÄÆÄÆËÏ×³Õ»â °ÛÚÜ´��çÅÎÇ «Û´Ò²µÄï¬»ÕÊÅÈã ¸
óÀÂ³´àÕ»Ë±ÚµÚ ÄÆË±×³¬ ÇµËÏ²ÃÚýÑý¬»Õ¯Õ¬¯×ÛÂ³¬¯ãÛ¬ ÇôÇÉÂ³´ ãö´ñÅÈÄ ßö´½²ÉÄÆ¬¯ÇôÑýÂ³´½× Åáß³²µ´½ÚµÁ ²µ¬¯ãå´ � ÇµÂ³²É´ñÚÜÂÛËÏÕ ��¬»Ú
²µ´½ÅÏÁÃÂÛ´ � ðÎÇµÂ³´Ò²µ´ÒãÐâàßÛ²É´½ÍÏ´Ò×ÝÇµ¬¯×³®Ì´��Ý°³¬¯ßÛÄï´½×ÝÇ �³ÅÈÄáÅÈ®±´Ï¸óÀÂ³¬»Úþ¬»ÚÖ´½ÚÉßö´ñÁ ¬ÊÅÈÕ»Õ¯âïÁ ²µ°ÛÁ ¬ÊÅÈÕ¹¬»×ÆÇÉÂ³´
ÇµÅÏ²É®±´ Ç�� Â³Ë±²É×á²µ´Ò®±¬¯Ë±× ¸óÀÂÛ´ôÕ»Ë±ÚµÚþÄÆË±×³¬ ÇµËÏ²À´ÒÕ»´½Á ÇÉ²µËÏ×³¬ÊÁÒÚúÑý¬»Õ¯Õ ãå´ ÄÆË �¹¬��Û´ �äÇÉËï²µ´½ÚÉßöË±× �ÆÇÉË
ÇÉÂÛ´Ìãö´ñÅÈÄ ß³°ÛÕ»ÚÉ´½Ú ÅÈÇÌº��ï÷ ù±¸

«¬¯Í±´ÞÇÉËÏÇµÅÈÕôÕ¯ËÝÚÉÚéÄïË±×³¬¯ÇÉËÏ²ÃÚ � óýèëê Ú �áß³²µËÎÍÐ¬��³´ Á ËÎÍÏ´½²µÅÏ®Ï´ØËÎÍÏ´½²ÆÇÉÂ³´ Õ»´Ò×Û®ÈÇÉÂ ËÈÔçÇÉÂ³´
ãå´½ÅÈÄÆÕ»¬¯×Û´ÏðÛ¬»×ÛÁÒÕ¯° �³¬¯×³®äÇÉÂ³²µËÏ°Û®ÏÂØÇÉÂ³´·ãö´½²ÉÄ ß³¬»ßö´±¸ óÀÂ³´ÒâØÑý¬¯Õ»Õ �³´ ÇÉ´ñÁ Ç ãö´ñÅÈÄ Õ¯ËÝÚÉÚÉ´½ÚÀÇµÂÛÅÎÇ
Ë¹ÁÒÁÒ°³²ÙÅÈ×ÐâÐÑýÂ³´Ò²µ´úÅÏÕ¯Ë±×³®øÇµÂ³´ÀÕ¯´½×³®ÈÇµÂ ËÏÔÛÇµÂ³´Àãö´ñÅÈÄÆÕ¯¬»×³´±¸ �î´ñÅÈÄ Ñý¬»Õ¯Õ¹ãå´À¬¯×³ÂÛ¬¯ã³¬¯ÇÉ´��ï¬ ÔöÇÉËÈÇÃÅÈÕ
Õ»Ë±ÚµÚÜ´ñÚú´��³Á ´Ò´�� ÅïÇµÂ³²µ´½ÚÉÂ³ËÏÕ �äÍÎÅÏÕ¯°³´±¸
� ãå´½ÅÏÄ ÂÛÅÈÕ»Ë ÄÆË±×³¬ ÇµËÏ²ØÑý¬¯Õ»Õçãö´ ¬»×ÛÚ ÇÃÅÈÕ»Õ¯´�� �¹ËÎÑý×öÚ Çµ²É´ñÅÈÄ ËÈÔàÇµÂ³´��ö×ÛÅÈÕôÔ Ë¹Á °ÛÚ ÇÉË

ÄÆ´½Å±ÚÜ°³²µ´çÁÃÂÛÅÈ×³®±´½Úî¬»×Øãå´½ÅÏÄ �Ý°ÛÅÏÕ¯¬¯Ç âÏ¸
� ²µ´½ÚÉ¬ÊÚ Çµ¬¯Í±´ ÑîÅÏÕ¯ÕöÄÆËÏ×³¬¯ÇÉË±²úÑý¬»Õ¯Õåãå´ô°ÛÚÉ´ �áÇÉË �³´ ÇÉ´ñÁ ÇÀ¬¯× �¹¬¯ÍÐ¬ �¹°ÛÅÏÕöã³°öÁ!�Ï´ ÇÃÚúÅÏ× �ÆÇµ²µÅÏ×ÛÚ�"

ÄÆ¬ ÇýÇµÂ³¬ÊÚý¬¯×³Ô ËÏ²µÄÆÅÈÇÉ¬»ËÏ× ÇÉËïÇÉÂÛ´Ì´��¹ßö´½²É¬»ÄÆ´Ò×ÝÇµÅÏÕ ´ÒÕ»´½Á ÇÉ²µËÏ×³¬ÊÁÒÚîÔ Ë±²ÀÇÉ¬»Äï¬»×³®áß³°Û²ÉßåË±ÚÉ´½Ú½¸

#	$&%�$&# ')(+*-,�.0/1*3254�/7686:9�(+6<;
=?>@,�(A(3BDCE(+FHG
û ´ ÅÈ²µ´�ß³Õ»ÅÏ×³×³¬»×³®ÿÇÉË ÂÛÅ ÍÏ´ÞÁ Ë±×ÝÇÉ¬»×Ý°ÛËÏ°ÛÚáÕ»Ë±ÚµÚáÄÆËÏ×Û¬ ÇµËÏ²éÁ ËÎÍ±´Ò²ÃÅÈ®±´ ËÏÔ Ë±°³²éãå´½ÅÈÄ Õ»¬¯×³´
Ñý¬¯ÇÉÂìÅØÇÉËÏÇµÅÈÕþÕ¯ËÝÚÉÚçÄÆËÏ×Û¬ ÇµËÏ² � óýè ê �ÌÚÉâ¹Ú Çµ´ÒÄ�¸ä÷ ËÎÑî´ÒÍ±´Ò² ÇÉÂÛ¬»Ú·Ñý¬¯Õ»ÕÖ×³ËÏÇàãö´äÅ Ô ÅÏ¬¯ÕþÚµÅÎÔ ´
ÅÈ× � ²µ´ �³°³× �³ÅÏ×±Ç ÚÉâ¹Ú Çµ´ÒÄ�¸Öû ´àÑý¬¯Õ»Õ ÂÛÅ Í±´ÌÚÜË±Äï´ç¬»× �¹¬»ÍÐ¬��¹°öÅÈÕ Õ»Ë±ÚµÚÀÄÆËÏ×³¬¯ÇÉË±²µÚÀË±×�ÚÉ´ÒÕ»´½Á ÇÉ´��
´ÒÕ»´ÒÄÆ´½×±ÇÃÚäãÛ°¹ÇØ¬¯Ç�Ñý¬¯Õ»Õçãö´ ßöËÝÚÉÚÉ¬»ã³Õ¯´ ÇÉË Õ¯ËÝÚÜ´ ÚÜË±ÄÆ´ ãå´½ÅÈÄ Ë±× °³×³ßÛ²ÉËÏÇÉ´½Á ÇÉ´�� �¹´ÒÍÐ¬ÊÁ ´ñÚÒ¸
óÀÂ³´½²É´ÒÔ ËÏ²µ´ÌÇÉÂ³´½²É´ïÑý¬»Õ¯Õ ãå´ÆÅ ÚÜâ¹ÚÜÇÉ´½Ä ÇÉË ÇÉ²µ¬¯ß ÇÉÂ³´ïãö´ñÅÈÄ ßå´Ò²µÄÆ¬ Çç¬ ÔÀÚÜ¬»®Ï×Û¬I�öÁ½ÅÈ×ÝÇÉÕ»â�ÄÆËÏ²µ´
ãå´½ÅÈÄ ¬ÊÚ �³´ ÇÉ´ñÁ Çµ´ �äÅÈÇþÇµÂ³´ø°³ßöÚ Çµ²É´ñÅÈÄ ´Ò× �éËÈÔ ÇÉÂÛ´ôãå´½ÅÏÄ Õ»¬»×³´øÇµÂÛÅÈ× ÅÎÇþÇµÂ³´ �³ËÎÑý×ÛÚ Çµ²É´ñÅÈÄ
´Ò× � ¸ óÀÂ³¬ÊÚÆ¬»ÚïÄÆËÏ²µ´�Á ËÏÄÆÄÆËÏ×ÛÕ¯âJ�Ð×³ËÎÑý× ÅÎÇá«³´Ò²µÄÆ¬¯ÕÊÅÈã ÅÏÚÆÅÈ×LKÜ´�" �î´Ò²µÄ?M � ´ÒÕ»´½Á Çµ²ÉË±×³¬ÊÁ
ãå´Ò²µÄ�� ¸óÀÂÛ¬»Ú ß³²µ´ÒÍÏ´½×ÝÇµÚ ãö´ñÅÈÄ Ô ²µËÏÄ ãö´½¬¯×Û®ôÕ»Ë±ÚÜÇ°ÛßÛÚ Çµ²É´ñÅÈÄ ËÈÔÛÇÉÂ³´úÇµÅÏ²É®±´ ÇëÔ Ë±² ÄÆË±²É´þÇÉÂÛÅÏ×
ËÏ×Û´ýËÏ² Ç ÑîË ßÛ°³Õ»ÚÉ´½Ú½¸ óÀÂ³´½ÚÉ´ ÚÜâ¹ÚÜÇÉ´½ÄÆÚÖÂÛÅ ÍÏ´Àãå´Ò´Ò×Æ°ÛÚÉ´ �áÚÉ°ÛÁ½Á ´½ÚµÚÜÔ °³Õ¯Õ»â·ÅÈÇþ«³´Ò²µÄÆ¬¯ÕÊÅÈãÆ¬»×ÆÇÉÂ³´
ßÛÅ±Ú Ç � êN" ´ñÅÏÚÜÇ �çÅÏ× � ÅÏÕ¯Õ»ËÎÑ Ô Ë±²ÌÇÉÂÛ´á°ÛÚÜ´áËÏÔîÕ»´½ÚµÚ �¹¬»²ÉÇàËÎÍÏ´Ò²µã³°³² �¹´½× ÑýÂ³¬»Õ¯´äÄÆÅÏ¬¯×ÝÇÃÅÈ¬»×³¬¯×Û®
ÇÉÂÛ´àÚÉÅÏÄï´çÕ»´ÒÍ±´ÒÕ ËÈÔ ÚÉÅÈÔ ´ Ç â±¸

�î´½ÁÒÅÏ°ÛÚÉ´ ËÈÔ ÇµÂ³´ôÂÛ¬¯®±Âéãö´ñÅÈÄ ¬»×±Çµ´Ò×ÛÚÉ¬¯Ç â ÇµËÏ²µËÏ¬ �³ÚÖÑý¬»Õ»Õöãå´ô°öÚÜ´��á¬¯×äß³Õ»Å±Á ´ôËÈÔ ¿O�úêJP Úú¬»×
ÇÉÂÛ¬»ÚýÚÉâ¹Ú Çµ´ÒÄ�¸ÙóÀÂ³´ �¹´½ÚÉ¬¯®±× ®±Ë±ÅÏÕö¬ÊÚîÇÉËÆÂÛÅ Í±´ Å·ÇÉ²µ¬¯ßØÕ»´ÒÍÏ´½Õ ÅÎÇ�Q:R ãå´½ÅÏÄ Õ»Ë±ÚµÚúË±×ØÅÆÚÉ¬¯×Û®ÏÕ»´
ãå´½ÅÈÄ ß³°³ÕÊÚÜ´�� ²µ´ÒÄÆ´½Ä·ãå´Ò²ýÑî´ ÂöÅ ÍÏ´ ¶:SÐð ��� �àß³°³ÕÊÚÉ´½ÚT� Â³Ë±°³²ýÚÜËÆÅÆÚÜ¬»×³®ÏÕ»´çãö´ñÅÈÄ Õ»Ë±ÚµÚîËÈÔUQ:R
ËÏ² ®Ï²µ´½ÅÈÇÉ´½²ø¬ÊÚô×ÛËÈÇÌÅäß³²µËÏãÛÕ¯´½Ä ÑýÂÛ´Ò×ÿÁ ËÏ°Ûß³Õ¯´��ÞÑý¬¯ÇÉÂ ÇÉÂ³´ï´�" ãö´½²ÉÄ ÅÏ× � Å �¹ÄÆ¬¯×Û¬»ÚÜÇÉ²ÃÅÎÇµ¬¯Í±´
Á Ë±×ÝÇÉ²µËÏÕÊÚ �îÅÈ× �äÇµËáÂÛÅ ÍÏ´ÌÅïÇµ²É¬»ß�Õ¯´½ÍÏ´ÒÕ ÅÎÇô¶VR ãö´ñÅÈÄ Õ¯ËÝÚÉÚýË±×ØÅïÇµ´Ò×Þß³°ÛÕ»ÚÉ´àÅ ÍÏ´½²µÅÏ®Ï´Ï¸ÙóÀÂ³´
¶VR Õ¯¬»ÄÆ¬ Ç ¬ÊÚÀÇÉÂÛ´Ì²É´��¹°ÛÁ Çµ¬¯Ë±×äÔ Å±Á ÇµËÏ²ÀÇÉÂöÅÎÇ Ñî´ Ñý¬»Õ»Õ °ÛÚÉ´ ¬»×�ËÏ°³² ÚÉÂ³¬»´ÒÕ �¹¬»×³®áÅÏÚµÚÜ´ñÚÉÚÉÄÆ´Ò×ÝÇ½¸

óÀÂ³´ ÁÒËÏÄÆßÛÅÏ²É¬ÊÚÜË±×�ËÈÔÙÇÉÂÛ´·¬»×±Çµ´Ò×ÛÚÉ¬¯ÇÉ¬»´½ÚôÑý¬¯Õ»Õ ãå´ �³ËÏ×³´ ¬¯× ÅéÔ ÅÈ¬»ÕI" ÚµÅÎÔ ´àÄáÅÈ×Û×³´Ò² ÅÏÚ ÑÀÅÏÚ
�¹Ë±×³´ ¬»× ÇµÂ³´ ß³²É´½ÍÐ¬¯Ë±°ÛÚ ÅÏß³ß³Õ»¬»Á½ÅÎÇµ¬¯Ë±×ÛÚäËÏÔàÇÉÂÛ´ ´�" ãå´Ò²µÄ ÄÆ´ ÇÉÂÛË �ÓÅÎÇØÇÉÂ³´ÿèëÅÏãöË±²µÅÈÇÉË±²Éâ±¸
÷ ËÎÑî´ÒÍ±´Ò²ñðÎÇÉÂÛ´Ò²µ´ ¬»ÚúÅW�Ý°³´ñÚ Çµ¬¯Ë±×áËÈÔX�Ð×³ËÎÑý¬¯×Û®çÇÉÂÛÅÈÇúÑî´øÅÈ²µ´ýÇÉ¬»ÄÆ´ �á¬»×áß³²µËÏßå´Ò²µÕ¯â±ð-Y[Z]\�ZÐãåËÈÇµÂ
ÇÉË±²ÉË±¬��ÛÚïÁÒËÏ°³Õ � ãö´�Õ»ËÝËV�Ð¬¯×³® ËÏ°³ÇµÚÉ¬��¹´�ËÏÔøÇÉÂÛ´Þãö´ñÅÈÄ Ñý¬»× �¹ËÎÑÌ¸ û ´ÞßÛ²ÉË±ßöËÝÚÜ´ ÇÉËÿ°ÛÚÉ´ØÅ
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×³´ñÅÈ²µãÝâ �	�þê ¬»×äË±² �³´Ò²úÇÉË �³´ ÇÉ´½²ÉÄÆ¬»×³´ ¬ Ô ÇµÂ³´ôÇÉ¬»Äï¬»×³®ï¬»ÚÀÁÒËÏ²µ²É´ñÁ Ç½¸ óÀÂ³´ô¬¯×ÝÇÉ´½×ÛÚÉ¬ Ç âéÚÉ¬¯®±×ÛÅÈÕ
Ô ²µËÏÄ ÇµÂ³´ �	�þê Ñý¬¯Õ»Õ³ãå´øÚÉ´Ò×ÝÇÙ¬¯×ÝÇÉËàÅ �³¬»ÚµÁ ²µ¬¯ÄÆ¬»×ÛÅÎÇµËÏ²ñð ÇÉÂ³´øËÏ°¹Çµß³°¹ÇÖËÈÔ ÑýÂ³¬ÊÁÃÂÆÑý¬¯Õ»Õ³ãå´ ÚÜ´½×±Ç
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ß³²µËÈÇµ´½Á ÇþÇÉÂ³´øê ÅÈ¬»× � ×&% ´½Á ÇÉË±²ÖÇÉ°Û×³×³´ÒÕå´Ò×ÐÍÐ¬»²ÉË±×³ÄÆ´Ò×ÝÇÖßö´½× �¹¬»×³® ÁÒËÏÄÆß³Õ»´ Çµ¬¯Ë±×áËÈÔ ÇÉÂ³´ � � ´Òò
�î´½ÅÏÄïÕ»¬»×³´Þ´Ò×ÛÁÒÕ¯ËÝÚÜ°Û²É´ØÇÉÂÛ´ �¹ËÎÑý×ÛÚÜÇÉ²µ´½ÅÏÄ ´Ò× � ËÏÔôÇµÂ³´ ãå´Ò²µÄ)" ß³¬»ßå´ ÂÛÅÏÚéãö´½´Ò× ÚÉ´½Á °Û²É´½Õ¯â
ÚÉ´½ÅÈÕ»´ � ¸

¿Ð´ÒÍ±´Ò²ÃÅÈÕÙËÏÔúÇµÂ³´áãö´ñÅÈÄÆÕ»¬¯×³´éÁÒËÏÄÆßåËÏ×³´½×±ÇÃÚÌÂÛÅ Í±´ ãå´Ò´½×ì¬¯×ÛÚÜÇµÅÏÕ¯Õ»´ � ¬»× ÇÉÂ³´éê �ôÇÉ°Û×³×³´ÒÕ ¸
óÀÂ³´áÚÉÑý¬ ÇÃÁÃÂ ÄáÅÏ®Ï×³´ÒÇ½ð � � �³ºÏº±ð �³¬¯ßåËÏÕ»´½Ú � � Q��³ºïÅÈ× � � � Q �±¶ ÅÈ× ���Ý°ÛÅ��¹²µ°³ßåËÏÕ»´�� � Q��V�

��� ´Òò��î´½ÅÏÄ ó
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ÂÛÅ Í±´Ùãö´½´Ò×Ì¬»×ÛÚ ÇÃÅÈÕ»Õ¯´�� ¸�� ÚÜ°³²µÍÏ´½âôÁÒËÏ×ÝÇÉ²µËÏÕÈ×Û´ Ç ÑîËÏ² � ´��¹¬ÊÚ ÇÃÚ Ô ËÏ² ÇÉÂ³´ � � ãå´½ÅÈÄÆÕ»¬¯×Û´þÅÈ× �çÑÀÅÏÚ
°ÛÚÉ´ �äÇÉËéÅÏÕ¯¬»®Ï× ÇÉÂ³´ñÚÜ´Ì´½Õ¯´½ÄÆ´Ò×ÝÇµÚ½¸ÖóÀÂ³´çãö´ñÅÈÄ ÇÉ°³ãå´ÌÇÉÂÛ²ÉË±°³®ÏÂ � � �¹º±ºø¬ÊÚ Á Ë±ÄÆÄïË±×äÇµËÆÇÉÂ³´
� � Õ¯¬»×³´ÌÅÈ× �áÇÉÂÛ´ � � ´Òò Õ»¬¯×³´çÅÈ× �áÇÉÂÛ´Ò²µ´ Ô ËÏ²µ´ � � �¹º±º ÑîÅ±ÚúÁ½ÅÈ²µ´ Ô °³Õ»Õ»âéÅÈÕ»¬¯®±×³´ �éÇÉËï´Ò×ÛÚÉ°³²µ´
ÇÉÂÛ´Ò²µ´ ¬»Úþ×³Ë·¬»×ÝÇÉ´½²ÜÔ ´½²É´½×ÛÁ ´ýÑý¬¯ÇÉÂé×ÛËÏ²µÄÆÅÏÕ �¹´½Õ¯¬»ÍÏ´½²Éâ ËÈÔ ãå´½ÅÈÄ ÇµËÌÇÉÂ³´ ê ÅÈ¬»× � ×&% ´ñÁ ÇµËÏ²ñ¸óÀÂ³´
ËÈÇµÂ³´Ò²ô´ÒÕ»´ÒÄÆ´Ò×ÝÇÃÚ Ñî´Ò²µ´à²ÉË±°³®ÏÂÞÅÏÕ¯¬»®Ï×³´�� ¸ �ô°ÛÅ �¹²É°ÛßöË±Õ¯´ñÚ � � QÛºàÅÈ× � � � Q±¶ÆÁÒËÏ°³Õ ��×³ËÈÇ ãö´
¬»×ÛÚ ÇÃÅÈÕ»Õ¯´�� ÅÈÇýÇÉÂ³¬ÊÚÀÇµ¬¯ÄÆ´ � ÇÉÂ³´½¬¯² ÚÉÕ¯ËÏÇµÚýÅÏ²É´çË¹ÁÒÁÒ°³ß³¬»´ �ØãÐâáÇÉ´½ÄïßåËÏ²ÃÅÈ²µâéÚÉÂ³¬¯´½Õ��³¬¯×³®ö¸
�ýÔ Çµ´Ò² ãö´½×³´��öÁÒ¬»ÅÏÕëË¹ÁÒÁÒ°³ßÛÅÏ×ÛÁ â ËÈÔ ÇÉÂ³´ ãö´ñÅÈÄÆÕ»¬¯×³´·´Ò×ÛÁÒÕ¯ËÝÚÜ°³²µ´àÅÈ× �Þê � "µº ¶ïã³°³¬»Õ��³¬¯×³®ä¬»Ú

ËÏã³ÇµÅÈ¬»×³´�� ðÈÇµÂ³´ ê � "Ãºñ¶ Á ²ÃÅÈ×³´ÀÑý¬»Õ¯Õöãö´ý°öÚÜ´��ÆãöËÏÇÉÂïÇÉËÌÄÆËÎÍÏ´îÇµÂ³´ ãå´½ÅÈÄÆÕ»¬¯×Û´ý´ÒÕ»´ÒÄÆ´Ò×ÝÇµÚÖ¬¯×ÝÇÉË
ÇÉÂÛ´ô´½×ÛÁ Õ»Ë±ÚÉ°³²µ´øÅÈ× �áÇÉË·´½²É´ñÁ ÇúÇÉÂ³´ôÇµÅÏ²É®±´ Çþß³¬»Õ»´Ï¸ �îÅÈ²µ´ Ô °ÛÕåÁÒËÝË±² �³¬¯×ÛÅÈÇÉ¬»ËÏ×áÑý¬»Õ¯Õåãå´ô²µ´ �Ý°³¬»²É´��
ÇÉË Á ËÏÄÆß³Õ»´ Çµ´äãåËÈÇµÂìÇµÅ±Ú1�¹ÚÌ´J�áÁÒ¬¯´½×ÝÇÉÕ»âÏ¸�� �¹´ ÇÃÅÈ¬»Õ¯´��ÿÇÉ¬»ÄÆ´äÕ»¬¯×³´äÂÛÅÏÚ·ãö´½´Ò× ÚÜÇµÅÏ²ÜÇµ´ �ìÅÈ× �
Ñý¬»Õ¯Õ ãå´àÁ Ë±ÄÆß³Õ¯´ÒÇÉ´�� Å±ÚîÇÉÂ³´àÁÒ¬¯ÍÐ¬»ÕëÁ Ë±×ÛÚ Çµ²É°öÁ ÇÉ¬»ËÏ×ØÚÉÁÃÂÛ´ �¹°³Õ»´ �Û²µÄáÚÀ°³ß ¸

óÀÂ³´ï®Ï´Ò×Û´Ò²ÃÅÈÕ ²µ´ �Ý°³¬»²É´½ÄÆ´Ò×ÝÇµÚøÔ ËÏ²øÇÉÂ³´ÆÅÈÕ»¬¯®±×³ÄÆ´Ò×ÝÇ ÅÏ²É´àÇÉËä´ñÚ ÇÃÅÈã³Õ»¬ÊÚÜÂ ÁÒËÏ×ÝÇÉ²µËÏÕëÔ ËÏ²ôÇÉÂ³´
Á ¬»ÍÐ¬¯ÕÖÁÒËÏ×ÛÚÜÇÉ²µ°ÛÁ ÇÉ¬»ËÏ× ð ´ñÚ ÇÃÅÈã³Õ»¬»ÚÉÂ ßÛ²É´ñÁ ¬ÊÚÜ´ÆÁ Ë±×±Çµ²ÉË±ÕÔ ËÏ² ÇÉÂ³´Æãå´½ÅÏÄïÕ»¬»×³´Æ´ÒÕ»´ÒÄÆ´Ò×ÝÇµÚ½ð ß³²µËÎÍÐ¬��³´
²µËÏ°³®±ÂéÅÈÕ»¬¯®±×³ÄÆ´Ò×ÝÇþËÈÔ ÇµÂ³´çÚ ÇÃÅÈ× �³Ú½ðÐÅÈ× �áßÛ²ÉËÎÍÐ¬ �¹´ ß³²µ´½ÁÒ¬»ÚÉ¬¯Ë±×éÅÈÕ»¬¯®±×³ÄÆ´Ò×ÝÇþËÏÔ ÇÉÂ³´ ãö´ñÅÈÄÆÕ»¬¯×³´
´ÒÕ»´ÒÄÆ´½×±ÇÃÚÒ¸�� ×³¬¯ÇÉ¬ÊÅÈÕÐ´½ÚÜÇµÅÏã³Õ»¬»ÚÉÂ³ÄÆ´Ò×ÝÇÙËÈÔ Á ËÏ×ÝÇµ²ÉË±ÕÏÔ Ë±² ÇµÂ³´ýÁ ¬»ÍÐ¬¯Õ³ÁÒËÏ×ÛÚÜÇÉ²µ°ÛÁ Çµ¬¯Ë±× ÚÉÂ³ËÏ°ÛÕ��àÇµÅ��±´îÅ
Á ²µ´ÒÑ Ñú´½´�� � ÑýÂÛ´Ò²µ´ ÅïÁ ²µ´ÒÑ ¬ÊÚ
�¹´��Û×³´ �äÇÉËÆãå´ Ç ÑúË ßö´½²µÚÉËÏ×ÛÚ � ð¹ÂÛËÎÑú´½ÍÏ´Ò² �Ý°ÛÅÈÕ»¬ Ç âéÁÒËÏ×ÝÇÉ²µËÏÕ
Ô ËÏ²þÇÉÂ³´çÁ Ë±×ÛÚÜÇÉ²µ°ÛÁ Çµ¬¯Ë±×áÑý¬¯Õ»ÕößÛ²ÉË±ãÛÅÈã³Õ»âÆÅ ÍÏ´Ò²ÃÅÈ®±´ÌºøÁ ²µ´ÒÑ �ÛÅ â ßå´Ò²îÑú´½´��ïÔ ËÏ²þÇÉÂ³´ �¹°³²ÃÅÎÇµ¬¯Ë±×
ËÈÔÙÇµÂ³´ÆÁ ËÏ×öÚ Çµ²É°ÛÁ ÇÉ¬»ËÏ× ¸ �úÚ ÇÃÅÈã³Õ»¬»ÚÉÂ³¬»×³®éß³²µ´½ÁÒ¬»ÚÉ´ ÚÉ°³²ÉÔ ÅÏÁÒ´ Á Ë±×ÝÇÉ²µËÏÕ ÇÉËäË±×³´ÆÚÜ¬»®ÏÂÝÇô²µ¬ÊÚÜ´½²ôÅÈ× �
ÇÉÂÛ´ä¬»×ÛÚ ÇÃÅÈÕ»Õ»ÅÈÇÉ¬»ËÏ× ÂöÅÎÇµÁÃÂ Ñý¬¯Õ»ÕþÇÃÅ��±´ Q ÁÒ²É´½Ñ �ÛÅ âÐÚ½¸ �úÚ ÇÃÅÈã³Õ»¬ÊÚÜÂ³¬»×³® Å ß³²É´ñÁ ¬ÊÚÜ¬»ËÏ× ÁÒËÏ×ÝÇÉ²µËÏÕ
×³´ÒÇ ÑúË±²7�ïÔ ËÏ²ÀÇµÂ³´çãö´ñÅÈÄÆÕ»¬¯×³´ÌÅÏ× �éÇµÂ³´Ìó ÅÏ²É®±´ Çý÷øÅÏÕ¯Õ Ñý¬»Õ¯Õ ÇÃÅ��±´ Å·ÇÉËÏÇµÅÈÕ ËÏÔ¼ � ÁÒ²É´½Ñ �³Å â¹ÚÒ¸
� ×ÛÚÉ¬��³´ÌÇÉÂ³´ ãö´ñÅÈÄÆÕ»¬¯×³´ ´Ò×ÛÁÒÕ¯ËÝÚÜ°Û²É´à¬¯Ç ÚÉÂ³Ë±°³Õ��ØÇÃÅ��±´·¼äÁÒ²É´½Ñ �ÛÅ âÐÚýÇÉËäÕÊÅ âØËÏ°¹Ç ÇµÂ³´ ÚÜÇµÅÏ× �³Ú
ÅÈ× �áÇÉÂÛ´Ò× º �·ÁÒ²É´½Ñ �³Å â¹ÚÖÇµËïÅÏÕ¯¬»®Ï×äÇÉÂ³´ ãå´½ÅÈÄÆÕ»¬¯×Û´ô´½Õ¯´½Äï´½×ÝÇµÚ½¸ÖóÀÂ³´��³´½ÚÉ¬¯²µ´ �éÅ±ÁÒÁÒ°³²µÅ±Á âÆ¬»×
ÇÉÂÛ´þÇµ²µÅÏ×ÛÚÜÍ±´Ò²ÃÚÜ´þß³Õ»ÅÏ×³´½Ú ¬ÊÚ¼ � ÄÆ¬»Õ»ÚÔ Ë±²ëÇµÂ³´ Q�" ¼�"µº ¶��HP Ú ÅÏ× �éº�� ÄÆ¬»Õ»Ú Ô ËÏ²ÇµÂ³´ �Ý°ÛÅ �¹²µ°³ßöË±Õ¯´ñÚÒ¸
� Õ»¬¯®±×³ÄÆ´Ò×ÝÇøÅÈ× � ¬»×ÛÚÜÇµÅÏÕ¯ÕÊÅÎÇµ¬¯Ë±×ØÅÏ²É´ ¬ Çµ´Ò²ÃÅÎÇµ¬¯Í±´ôÇÃÅÏÚ7�¹ÚÒ¸5� Õ»¬»®Ï×³ÄÆ´Ò×ÝÇøÁÒ²É´½Ñ ÚúÕÊÅ âéË±°¹ÇýÇÉÂ³´

Á Ë±×ÝÇÉ²µËÏÕÖ®±²É¬ �ÿÅÈ× � ÇµÂ³´ ÚÜÇµÅÏ× �ÿÕ¯Ë¹Á½ÅÎÇÉ¬»ËÏ×öÚ � ÇÉÂÛ´ä¬»×ÛÚ ÇÃÅÈÕ»Õ¯´½²µÚàß³°¹Ç ¬»×ÿÇÉÂÛ´ ÚÜÇµÅÈ× �³Ú·ÅÏ× � ÇÉÂ³´
ÄáÅÈ®±×³´ ÇÃÚ � ÇÉÂÛ´ ÅÈÕ»¬»®Ï×³ÄÆ´Ò×ÝÇçÁ ²µ´ÒÑ ß³°¹ÇÃÚøÇµÂ³´·ãå´½ÅÏÄÆÕ¯¬»×³´ï´ÒÕ»´ÒÄÆ´Ò×ÝÇµÚô¬»×ÞÇÉÂ³´½¬¯² ß³²µ´½ÁÒ¬»ÚÉ´·ßåË±ÚÉ¬I"
ÇÉ¬»ËÏ×öÚ � ÇÉÂ³´ý¬»×ÛÚÜÇµÅÈÕ»Õ»´Ò²ÃÚÇÉÂ³´½×áÂ³ËÐË �à°³ßïÇµÂ³´ýÍÎÅÏÁ °Û°³Ä�ðÏÑÀÅÎÇÉ´½²½ð±ÅÈ× �ï´ÒÕ»´½Á ÇÉ²µ¬»Á½ÅÈÕ³ÁÒËÏ×³×³´ñÁ Çµ¬¯Ë±×ÛÚ �
ÅÈ× �éÇµÂ³´Ò×ØÇÉÂÛ´ �Û×ÛÅÈÕ ÅÈÕ»¬¯®±×³ÄÆ´Ò×ÝÇý¬»ÚÀ²µ´½ÁÃÂ³´ñÁ!�Ï´�� ¸

û ´ïÑý¬»Õ¯Õ �¹´ÒÍ±´ÒÕ»ËÏß Å �¹²É¬»Õ»Õ¯¬»×³®áÇµ´ÒÄÆß³ÕÊÅÎÇÉ´·ÇÉËäÔ ÅÏÁ ¬»Õ»¬ ÇÃÅÎÇÉ´·ÇÉÂ³´ Ô ÅÏÚÜÇÉ´½×³¬»×³®éËÈÔÙÇµÂ³´ ÚÜÇµÅÏ× �³Ú
ÇÉË ÇÉÂÛ´ïÁÒËÏ×ÛÁÒ²É´ÒÇÉ´ �öËÝË±²øÔ Ë±²øÇµÂ³´?Q " ¼ "Ãºñ¶��@P ÚÒ¸øóÀÂÛ´)�Ý°ÛÅ �³Ú ¬¯× ®Ï´Ò×Û´Ò²ÃÅÈÕ ÅÈ²µ´·ÚÜÂÛËÏ²ÉÇ ´½×³ËÏ°³®±Â
ÇÉÂöÅÎÇøÑî´ÌÑý¬¯Õ»Õë×ÛËÈÇ ×³´½´ �ÞÅïÇÉ´½ÄÆß³Õ»ÅÈÇÉ´±¸ÀóÀÂÛ´à´��¹ßå´½Á Çµ´ ��²ÃÅÎÇµ´ ËÏÔÖÚ ÇÃÅÈ× ��¬»×ÛÚÜÇµÅÈÕ»ÕÊÅÎÇÉ¬»ËÏ×�¬ÊÚ ÅÎÇ
Õ»´½ÅÏÚÜÇÌÚÜ¬�� ÚÜÇµÅÈ× �³Úçßö´½² �³Å âÏ¸ÆóÀÂ³´Æßå´Ò²µÄÆÅÏ×³´Ò×ÝÇÌÄáÅÈ®±×³´ Ç �Ý°ÛÅ��³²É°³ßåËÏÕ»´½ÚçÅÏ× � ÇµÂ³´áÁ Ë±²É²µ´½Á�"
ÇÉ¬»ËÏ× �¹¬¯ßåËÏÕ»´½ÚçÚÉÂ³ËÏ°ÛÕ��Þ®±Ëä¬»× ÅÎÇÌÅé²ÃÅÎÇµ´·ËÏÔÖ×³¬¯×Û´ ßå´Ò² �³Å âÞÚÜ¬»×ÛÁÒ´àÇÉÂÛ´Òâ ÅÈ²µ´àÕ»¬¯®±ÂÝÇ ´½×³ËÏ°³®±Â
ÇÉË ãö´ ÇÉ²ÃÅÈ×ÛÚÉßåËÏ²ÉÇÉ´ � ãÐâ ®ÏË±Õ ÔàÁÒÅÏ²ÜÇñ¸ óÀÂ³´�Q " ¼ "Ãºñ¶��HP ÚÆÅÏ× �õßåËÎÑú´½²É´�� �±°öÅ��³ÚäÑý¬¯Õ»ÕøÇÃÅ��±´
Õ»ËÏ×³®±´Ò²ñ¸ óÅ��Ð¬»×³®Æ¬¯×ÝÇµËÆÅ±ÁÒÁÒËÏ°³×ÝÇÀÇÉ²ÃÅÈ×ÛÚÉßåËÏ²ÉÇµÅÎÇµ¬¯Ë±×éÔ ²µËÏÄ ÇÉÂ³´àê ÅÏ®Ï×³´ÒÇ «ÛÅÏÁÒ¬¯Õ»¬¯Ç âÏð �¹²µËÏßÛß³¬¯×Û®
�¹ËÎÑý×áÇµÂ³´ç¬¯×öÚ ÇÃÅÈÕ»Õ»ÅÈÇÉ¬»ËÏ×éÂÛÅÈÇµÁÃÂ ð¹ÅÏ× �äÚÜÇµÅÏ²ÜÇµ¬¯×³®ï¬»×ÛÚ ÇÃÅÈÕ»Õ»ÅÈÇÉ¬»ËÏ×áÔ ²µËÏÄ ÇµÂ³´ °³ßÛÚÜÇÉ²µ´½ÅÈÄ ´½× �éËÏÔ
ÇÉÂÛ´·´Ò×öÁ Õ»Ë±ÚÉ°³²É´ ÚÜËáÇµÂÛÅÎÇç¬»×±Çµ´Ò²ÉÔ ´Ò²µ´Ò×ÛÁÒ´½ÚôÅÈ²µ´ �Ï´½ß¹Ç ÇÉËØÅéÄÆ¬»×³¬¯Ä °³Ä�ðåÇÉÂ³´ÆÅ ÍÏ´½²µÅÏ®Ï´ç²µÅÈÇÉ´àËÏÔ
¬»×ÛÚ ÇÃÅÈÕ»Õ»ÅÈÇÉ¬»ËÏ×�ÚÜÂÛËÏ°³Õ �äãå´çÇÉÂÛ²É´½´çÇÉËïÔ ËÏ°³²ý´½Õ¯´½ÄÆ´Ò×ÝÇµÚ Å �³Å â±¸

����� -.��& "%� �#"���� ���+"!�#�!& "!�') � ��" ��� ��"%� � � � ���'� ��� �	�
� ��� * �%" �'�

ó Ë �¹´ÒÇÉ´Ò²µÄÆ¬¯×Û´øÇµÂ³´ÌÅÈÄÆËÏ°³×ÝÇîËÈÔ ÚÉÂ³¬»´ÒÕ �¹¬¯×Û® ×³´½´ �¹´��éËÎÍ±´Ò²ÖÇµÂ³´ ß³²É´�" ÇÃÅÈ²µ®Ï´ÒÇþßöË±²ÜÇµ¬¯Ë±×äËÏÔ ÇÉÂ³´
ãå´½ÅÈÄ�ðåÑú´ ÂÛÅ ÍÏ´·°ÛÚÜ´�� 	ø°Û®±ÅÈ×+P Ú Á ²µ¬ Çµ´Ò²µ¬»Å � º � � ¸ óÀÂ³´½ÚÉ´·ÁÒ²É¬¯ÇÉ´½²É¬ÊÅáß³²µËÎÍÐ¬��¹´àÇ ÑúËéÄÆ´ÒÇÉÂ³Ë �³Ú
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Ô ËÏ²��¹´ÒÇÉ´½²ÉÄÆ¬»×³¬¯×Û® ÇµÂ³´ ÅÈÄÆË±°³×ÝÇÆËÏÔ ÚÉÂ³¬»´ÒÕ �¹¬¯×Û® ×Û´½Á ´ñÚÉÚµÅÈ²µâ Ô ËÏ²áß³²µËÏÄÆß¹Çá²ÃÅ��¹¬ÊÅÎÇµ¬¯Ë±× ¾ � º��
ÅÈ× ÅÏÄÆËÏ°³×ÝÇ·Ô Ë±²·ßÛÅ±ÚÉÚÉ¬»ÍÏ´äÚÉÂ³¬»´ÒÕ �¹¬¯×Û® ÅÈ× � � ¶��·ÅÈ× ÅÏÄÆËÏ°³×ÝÇ·Ô Ë±² Å±Á ÇÉ¬»ÍÏ´ ÚÜÂ³¬»´ÒÕ �¹¬»×³®Ûð ÇµÂÛÅÎÇ
¬ÊÚ ÚÜÂÛ¬¯´½Õ��¹¬»×³®áÑýÂ³¬ÊÁÃÂ�¬¯×öÁ Õ»° �¹´½Ú ãö´ñÅÈÄ ÇÉ²µ¬¯ß �¹´ÒÇÉ´½Á ÇÉË±²µÚîÇµÂÛÅÎÇ �³´ ÇÉ´ñÁ ÇôÅÏ×ÞÅÏÁÒÁÒ¬��³´Ò×ÝÇµÅÏÕ ãö´ñÅÈÄ
Õ»Ë±ÚµÚ
� ÇÉÂÛ¬»ÚþËÏß¹Çµ¬¯Ë±×ïÑý¬»Õ»Õ³ãö´ø²É´ÒÔ ´Ò²µ²É´��àÇµËÌÂ³´Ò²µ´ ÅÏÚÖÅÏ×EKÜ´�" �î´Ò²µÄ?M �¯º���� � ¸ÙóÀÂ³´ý²µ´ �Ý°³¬»²µ´ÒÄÆ´Ò×ÝÇµÚ
ÅÈ²µ´ �±°Û¬ Çµ´ �¹¬ � ´Ò²µ´Ò×ÝÇýÔ Ë±²ÀÇÉÂ³´çÇ ÑîËÆÄï´ÒÇÉÂ³Ë �³Ú½¸

óÀÂ³´äßöÅÏÚµÚÜ¬»ÍÏ´éÚÉÂ³¬»´ÒÕ �¹¬¯×Û® ÅÏÚµÚÜ°ÛÄï´ñÚ·ÅÏ×ì°³× �¹´ÒÇÉ´½Á ÇÉ´�� Á Ë±×ÝÇÉ¬»×Ý°ÛËÏ°ÛÚÌãå´½ÅÏÄ Õ¯ËÝÚÉÚçÔ Ë±² ÅÏ×
Â³Ë±°³²½¸Æ«³Ë±²àêÞ¬»×³¬��îËÐËV0� ðåÇÉÂÛ¬»ÚÌÄÆ´ñÅÈ×ÛÚÌÅØÕ»Ë±ÚµÚôËÏÔ º � ¼ � � º������ïß³²ÉËÏÇÉË±×ÛÚçÅÎÇ � � ´Òò Ô ËÏ²
´½Å±ÁÃÂ Å±ÁÒÁ ¬ �¹´½×±Çñ¸ èë¬¯×³´ ¶ôËÈÔåó ÅÏã³Õ¯´ ¶³¸ �ø®Ï¬»ÍÏ´ñÚ ÇµÂ³´ ÅÈÄÆËÏ°Û×±Ç ËÈÔ �¹¬»²ÜÇÖÚÉÂ³¬¯´½Õ��³¬¯×³® ËÎÍÏ´½² ÍÎÅÏ²É¬»ËÏ°ÛÚ
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ÇÉ°öÅÈÕ 	ô´½ÚÉ¬»®Ï× �ý´ÒßåËÏ²ÉÇ½¾ � � ´Òò �î´½ÅÏÄÆÕ¯¬»×³´ �Ö×öÁ Õ»Ë±ÚÉ°³²É´�MÆÅÈ× � K��úË±×ÛÁ ´½ß¹ÇÉ°öÅÈÕ 	ô´½ÚÉ¬¯®±×
²µ´ÒßåËÏ²ÉÇ½¾ÖêÞ¬»×³¬ ��� ��0� ¸ M � ´ÒßåËÏ²ÉÇµÚýÅ ÍÎÅÈ¬»Õ»ÅÏã³Õ»´ô°³ßåËÏ×�²µ´ �Ý°³´ñÚ ÇÀÇÉËé«U�î¿³¿ ð³«U��ôèÖ¸

� ��� K7�þ²É´½Õ¯¬»ÄÆ¬¯×öÅÈ²µâô¿¹ÅÎÔ ´ÒÇ â��ôÚÉÚÉ´½ÚµÚÉÄï´½×ÝÇ Ô ËÏ² ÇµÂ³´ � � ´½ò «¬I�¹´ �ÌóÅÈ²µ®Ï´ÒÇë«ÛÅ±Á ¬»Õ¯¬¯Ç âôÅÏ× � ÇÉÂ³´
�îËÐË±ÚÜÇÉ´Ò² ø´Ò°¹Çµ²É¬»×³Ë �5�¹ßå´Ò²µ¬¯ÄÆ´Ò×ÝÇñð M�� Á ÇÉËÏãå´Ò²à¶��³ðÖº�� � �Û¸åÅ ÍÎÅÏ¬¯ÕÊÅÈã³Õ»´ï°³ßöË±×ÿ²É´��±°Û´½ÚÜÇ
Ô ²µËÏÄ ÇµÂ³´ �Ö²µË % ´ñÁ Çýê ÅÈ×öÅÈ®Ï´½²µÚúËÏ²ÀÇµÂ³´à«³´½²ÉÄÆ¬»Õ»ÅÏã �ø¸ö¿ ¸ � ÷à¸ö¿¹´½Á Çµ¬¯Ë±× ¸

� Q � K7� �����V� �îó ê��0�� � �úê��
ôó �þè��� Ô Ë±² ÇµÂ³´ ����ô¿¹ó
� ' �îó	�7��
ËÈÔ ÇÉÂ³´ � � ´Òò � � �øê ÅÎÇ ÇÉÂ³´ «U� � ê � ��Ùó	�7����ôè ���M� �þè+� ����"
ó���� è�� �������Ùó������ ð M � ß³²µ¬¯Õ º �¹ð ¶����ÛºÏ¸ � ÍÎÅÈ¬»Õ»ÅÏã³Õ»´ ÅÈÇ ÂÝÇÜÇµß ¾ � � ÑýÑýÑ	"
ß³ß³®ö¸ Ô ×öÅÈÕ ¸ ®±ËÎÍ@�ÈÚ Çµ´ Ô ÅÏ×ÛÚ1�Ð¬ ¸ Ä âÐÑú´½ã � �úê��þÚT� ÅÏÚ � ®Ï´½Í ßÛÄïß ²É´½Íå¸ �¹Ë¹Á � ê ¬»ÁÒ²ÉËÝÚÜËÏÔ Ç
û ËÏ² � �¹Ë¹Á °ÛÄï´½×ÝÇ �úËÏ² � ®±´ÒÍ ß³ÄÆß ²µ´ÒÍ ¸ ÂÝÇµÄ � ÷øóýê è �³ËÐÁÒ°³ÄÆ´Ò×ÝÇîÇÉËÆãö´ ÍÐ¬¯´½Ñú´��éË±×
Ñî´Òã�ã³²µËÎÑ ÚÜ´½² � ¸

� S�� KÉóÀÂÛ´ êÞ¬»×³¬ �îËÝË:�� �úË±ÚÜÇÉãåËÐË �¹Ú7MÛ¸ �øÍÎÅÈ¬»Õ»ÅÏã³Õ¯´ ÅÎÇ ÂÝÇÜÇµß ¾ � � ÑýÑýÑ	"
ß³ß³®ö¸ Ô ×öÅÈÕ ¸ ®±ËÎÍ@�ÈÚ Çµ´ Ô ÅÏ×ÛÚ1�Ð¬ ¸ Ä âÐÑú´½ã �ÎêÞ¬ÊÁ ²µË±ÚÉËÈÔ Ç �þ²ÉË % ´½Á Ç ÷øóýê è
«¬¯Õ»´½ÚT� � � ´Òò è ¬»×³´ «¬¯Õ»´½ÚT�Ð¸ óÀÂ³´ �ÛÕ¯´ñÚ ¬»× ÇµÂ³¬ÊÚ �¹¬»²É´ñÁ ÇÉË±²Éâ ÁÒËÏÄÆß³²µ¬»ÚÉ´ ÇÉÂ³´
ß³²µË % ´ñÁ Ç Á ËÝÚ ÇìãåËÝËV�¹ÚìÅÈ× � ÅÈ²µ´ °Ûß �³ÅÈÇÉ´�� ²µ´Ò®±°³ÕÊÅÈ²µÕ¯â±¸çóÀÂÛ´ Á °³²µ²É´½×ÝÇ �ÜºDS � ß³²µ¬»Õ ð
¶�� �³º � �ÛÕ¯´ñÚ ÅÏ²É´ ê �îËÐËV0� � � ´½ò ÅÈ®±®Ï²µ´½ÚµÚÜ¬»ÍÏ´ ãÛÅ±ÚÜ´½Õ¯¬»×³´ ÁÒËÏ²µ²É´ñÁ Çµ´ � ¸ ÂÝÇÉÄÆÕ ÅÈ× �
ê �îËÐËV0� � � ´½ò ß³²µËÏ®±²É´ñÚÉÚ � ºÏº �ÛºÏ¸ Â±ÇµÄÆÕ ¸

� � � � ¸ �î²µËÎÑý× ð�K7� �î´ñÅÈÄ ¿ÐÑý¬ ÇÃÁÃÂáÔ ËÏ²ÀÅÈ× � � ´Òò �ÎÁ��þ²ÉËÏÇÉË±× �ú´ñÅÈÄ ÇÉËïêÞ¬¯×Û¬��îËÐËV0� ð M
êÞ¬»×³¬ �úËÐË:�� óë´ñÁÃÂ  ËÈÇµ´Æº �³¸
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� � �Àè �7� � ���0�þ÷��

� � �àóÀÂ³´ �ý°Û× �7�î÷ôÅÈ× �³ãöËÐË � ð �úÂÛÅÏß¹ÇÉ´½²��1� ¾ �îËÐË±ÚÜÇÉ´½²�� ´Ò²ÉÔ ËÏ²µÄáÅÈ×ÛÁÒ´ôÅÈ× � �þ²ÉË % ´½Á Çµ¬¯Ë±×ÛÚ½ð
ÂÝÇÜÇµß ¾ �V� ÑýÑýÑ	" ã � ¸ Ô ×ÛÅÏÕ ¸ ®ÏËÎÍH�ÎÕ¯°³®O� ²µ°³×@�7� ÂÛÅÈ× �³ãöËÐË �H���ý°³×@�7� ¬»× �¹´�� ¸ ÂÝÇÉÄÆÕ ¸

�¯º � �Ìóç¸ æçËÏãÛ¬¯ÕÊÅÈ²ÃÁ ¬ � ð �îËÐËV0�Óó��" ¶ � ð��-\����!Y��	��
���	� \ � ËÎÑî´Ò² ÚÜ°Ûß³ß³Õ»â�ÇÉËÏÕ»´Ò²ÃÅÈ×öÁ ´½Ú ÅÈ× �
ÚÜÇµÅÈãÛ¬¯Õ»¬ Ç âäÔ ËÏ²ÀÇµÂ³´ ��� ´Òò��î´½ÅÏÄïÕ»¬»×³´Ï¸

�¯ºÏº!�Ìê ÅÏ¬¯×N� ×&% ´ñÁ ÇÉË±² óë´ñÁÃÂ³×³¬ÊÁÒÅÏÕ 	ø´ñÚÜ¬»®Ï×Þ÷øÅÏ× �¹ãåËÐË � ð��ý´ÒÍ ¸»ðÛ«³´½ã ¸ S¹ð º � �8S
�¯ºñ¶��Ì«³´½²ÉÄÆ¬»Õ»ÅÏã � Å �¹¬»ËÏÕ»ËÏ®Ï¬ÊÁÒÅÏÕ �úË±×ÝÇÉ²µËÏÕ ê ÅÈ×Ð°ÛÅÏÕ ð «Û´Òã³²µ°ÛÅÈ²µâ º �V� � ´��¹¬¯ÇÉ¬»ËÏ× ¸

ÂÝÇÜÇµß ¾ �V� ÑýÑýÑ	" ´½ÚÉÂ ¸ Ô ×ÛÅÈÕ ¸ ®±ËÎÍH�Î« �N�îê �Ð¸
�¯º½¼ �Ì«³´½²ÉÄÆ¬»Õ»ÅÏã �Ö×ÐÍÐ¬»²ÉË±×³ÄÆ´Ò×ÝÇµÅÏÕ ¿¹ÅÎÔ ´ÒÇ â ÅÏ× � ÷ ´ñÅÈÕ¯ÇÉÂ ê ÅÏ×Ð°ÛÅÈÕ ¸ ÂÝÇÜÇµß ¾ � � ÑýÑýÑ	"

´½ÚÉÂ ¸ Ô ×ÛÅÈÕ ¸ ®ÏËÎÍH�Î«U�ú¿³÷øê �¹¸
�¯º��	�à¿ÐÂ³¬»´ÒÕ �¹¬»×³®·¿¹Á½ÅÈÕ»¬¯×³® �îÅÏÕ»ÁÒ°³ÕÊÅÎÇÉ¬»ËÏ×öÚÒðÏê ´ÒÄÆË Ô ²ÉË±Ä � ¸�	ô°³®±ÅÏ× ð±«Û´Òã ¸8SÐð³º�� �³º � ¿ÐÂ³¬»´ÒÕ �8"

¬»×³® �ý´��±°Û¬¯²µ´ÒÄÆ´Ò×ÝÇÃÚýÔ ËÏ²øÇÉÂ³´ ê ÅÈ¬»× � ×&% ´½Á ÇÉË±²0�Ö²ÃÅ³ðöêÞ´ÒÄÆËáÔ ²µËÏÄ êì¸ � ´½²µÅÏ² �³¬ ð � °O"
®Ï°öÚ Ç �öð º � �8SÐ¸

�¯º���� �ÙÅÈ°ÛÕ(�ô¸N�úù½ÅÏ²µÅÏßÛÅÎÇÃÅ³ðý°³×³ßÛ°³ã³Õ»¬»ÚÉÂ³´ � ÇÉ´ñÁÃÂ³×³¬ÊÁÒÅÈÕô×³ËÈÇµ´Ïð��Ï°³×Û´ º QÛðàº �V�:S¹ð	�þãö´½²ÉÄ�ð
�ÖÕ»´½Á ÇÉ²µËÏ×³¬ÊÁ �î´Ò²µÄ � ×ÝÇÉ´Ò²µÕ»ËÐÁ!�éê Ë �³°³Õ¯´±ðÛ«³°Û×ÛÁ Çµ¬¯Ë±×ÛÅÈÕ 	ô´½ÚµÁ ²µ¬»ß¹ÇÉ¬»ËÏ×
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